
Upper Mississippi River - Illinois Waterway
System Navigation Study

?-,
,.. --—.—_.
\\ ‘. -.

‘.“.- -. ‘\..._.
,“,.

*
/LAR(iE SCALE~EASURES OF- ... ...____

REDU~lNG TRAFFI< CON~ESTION.—

INTERIM REPORT

US Army Corps
of Engineers

July 1996

Rock Island District
St. Louis District
St. Paul District



EXECUTIVE SUMMARY

1. Theobjmtive oftisr~fl istotivestigate tiehydmuhc impacKof newlmkmns~ctionat
sixteen Iockanddam siteson the Upper Mississippi River arrd Iflinois Waterway. Construction of
a new lock will add additional lock capacity by providing a lock chamber with useable dimensions
of either 12tXlfeet by 110 feet, or 600 fmt by 110 feet at each site. The cmncem for hydraulic
impacts include approach and exit conditions as well as changes in ffow conditions botlr during and
after construction. The findings contained in this report pertain to locks 1200 feet in length,
although they would generally be applicable to 6JXIfoot locks as well. Six alternative lock
locations were considered in tie initial phase of study. As part of the initiaf site screening process,
this number was reduced to five. ‘flex five locations areas follows:

a. Location 1, Landward of the existing lock.
b. Location 2, Extension of the existing 6C0 ft lock.
c. Location 3, At the partially constructed auxilkny lcxk.
d. Location 4, In the gated section of the dam.
e. Location 5, In the overtlow section of the dam

2. I%ch alternative required addhional features to improve lock approach and exiting conditions.
All alternatives include a 1200 foot long guard/guide watt upstream and downstream of the new
lock. To distinguish between a guard wait and a guide wafl, the following definition, based on

structure location, is provided:

Guide wall: located on the landward side of lock
Guard watf: located on the riverward side of lock

In addition, some alternatives require bank ador channel excavation, removaf or extension of
existing guide waifs, and addhionaf channel training structures.

3. Extrapolation of the results of physical and numerical modeling conducted at 5 selected
sites, along with mapping and aerial photography, were used to assess navigation conditions at
each site and provide recommendations to improve navigation conditions as necessary.
Important tindings and recommendations which are common to most of the sites considered for
added lock capacity are listed below.

a. From a navigability standpoint, better channel ahgnment and wider approach conditions
make Lncations 3 or 4 the preferred locations for adding lock capacity.

b. While existing bathymetry and flow characteristics at selected sites do not rule out Location 5
as a possible location for construction of a new lock, uncertainties concerning the reliability of the
existing channel during the estimated 3 to 4 year period required to move the channel, seriously
limit the viability of Location 5 as a plan alternative.

c. New lock construction at Location 1 is only feasible at four of the 16 sites being considered
for large scale navigation improvements.



d. While ported guardwafls upstream of a lock significantly reduce outdraft and aid tows in
atigrring with the lock, satisfactory channel alignment must be provided in order for the ported
wafl to be beneficial.

e. The effective length of the upstream guard wall is measured from the end of the opposite
landside lock wall. A 1200 foot wall is recommended so that tows will have protection from
cross currents for their entire length.

f. A minimum approach distance of two tow lengths as measured from the end of the guide
wall or guard wall, is required for good approach conditions to the lock. This is especially
important for locks with ported guard walls.

g. Good access to the new 1200 foot lock from downstream is best maintained by a solid
landward guide wall. However, at Location 3, access to the existing lock is hampered by a
landward guide wall. Therefore, a solid riverside guard wall is the recommended structure at
Location 3 if the existing lock is to remain accessible.

h. At most sites, construction of a Location 3 or 4 lock will restrict access to the existing
lock. Therefore, the existing lock 600-foot lock would be dedicated primarily to recreational
traffic and only used for commercial traffic if the 1200-foot lock were closed to navigation.

i. The effects of adding replacement gates in the overflow section of a dam site for a
Location 4 lock are highly localized.

j. For each 60 to 80 foot tainter gate removed from service, art increase in swellhcad of about
0.1 feet can be expected.

ii



HYDRAULIC IMPACTS OF NEW LOCK CONSTRUCTION

Table of Contents
Page No.

Executive Summary i

Introduction 1

Existing Site Conditions 3

Lock and Dam 20 3

Lock and Dam 21 4

Lock and Dam 22 5

Lock and Dam 24 5

Lock and Dam 25 6

Prototype Data Collection 8

Data Collection Plan 8

Data Collection Equipment 8

Presentation of Results 9

Surface Velocities vs. Depth Averaged Velocities 9

Numerical Modeling - Calibration and Verification to Prototype 11

Modeling Procedure 11

Grid Generation 11

Calibration and Verification 12

Alternative Plans 17

General 17

Location 1 18

Location 2 19

Location 3 19

Location 4 20

Physical Modeling 21

Physical Model Features 21

Data Collection 22

Base Conditions 23

Alternatives 24

Numerical Modeling - Verification to Physicaf Model 24

Base Conditions 25

Plan Alternatives 28

.
111



Table of Contents con’t

Hydraulic Impacts During Construction
Purpose
Method of Anafysis
Alternatives
Other Impacts During Construction

Findings
Study Plan
Step 1
Step 2
Location 1
Location 2
Location 3
Location 4
Location 5
Step 3

Conclusions
References

Tables
Table No.
1
2
3

4
5
6
7
8
9
10
11
12
13
14
15
16
17

Page No.

31
31
31
32
35

Prototype Water Surface Elevations and Discharges
Average Surface Velocity vs. Depth-Averaged Velocity
Difference in Average Surface Velocity and Depth-Averaged

Velocity in Percent
Survey Information
Eddy Viscosities and Manning’s “n” Vrdues
Water Surface Elevations - Prototype vs. Numericaf Model
Lock and Dam 20- Verification of Models to Prototype Data
Lock and Dam 21- Verification of Models to Prototype Data
Lock and Dam 22- Verification of Models to Prototype Data
Lock and Dam 24- Verification of Models to Prototype Data
Lock and Dam 25- Verification of Models to Prototype Data
Lock and Dam 22- Model Study Discharges and POOIElevations
Lock and Dam 25- Model Study Discharges and Pool Elevations
Verification of Water Surface Profile - Physicaf vs. Numerical Models
Transect Locations for Comparative Anafysis
Physicrd and Numericaf Model Discharges
Velocity Vector Verification - Base Conditions

35
35
35
36
36
37
39
40
41
42
42
43

9
10
10

12
13
13
14
14
15
15
16
23
23
25
26
26
27

iv



Tables con’t

18

19

20

21

22

23
24
25

26

Average Velocity Vector Difference (fps) - Base Conditions

Lock and Dam 22 Average Transect Velocity Comparison
Plan Alternatives

Lock and Dam 25 Average Transect Velocity Comparison
Plan Alternatives

Lock and Dam 22 Average Vector Velocity Difference
Plan Alternatives

Lock and Dam 25 Average Vector Velocity Difference
Plan Alternatives

Computed Swellheads for Lock and Dams 20, 21, 22
Computed Swellhcads for Lock and Dams 24 and 25
Influence of Blocking Gate Bays on Water Surface Profiles

at Lock and Dams 20, 21 and 22
Influence of Blocking Gate Bays on Water Surface Profiles

at Lock and Dams 24 and 25

Figure No.
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

Figures

Lock and Dam 20 Site Plans
Lock and Dam 21 Site Plans
Lock and Dam 22 Site Plans
Lock and Dam 24 Site Plans
Lock and Dam 25 Site Plans
Lock and Dam 20 Prototype Transect Locations
Lock and Dam 21 Prototype Transect Locations
Lock and Dam 22 Prototype Transect Locations
Lock and Dam 24 Prototype Transect Locations
Lock and Dam 25 Prototype Transect Locations
Lock and Dam 20 Prototype Depth-Averaged Velocities
Lock and Dam 21 Prototype Depth-Averaged Velocities
Lock and Dam 22 Prototype Depth-Averaged Velocities
Lock and Dam 24 Prototype Depth-Averaged Velocities
Lock and Dam 25 Prototype Depth-Averaged Velocities
Depth Average Velocity vs. Surface Velocity
Generic Lock Locations
Location 1, Landward of Existing Lock
Location 2, Extension of Existing Lock
Location 3, At Auxilkuy J.mck
Location 4, In Gated Section of Dam
Lock and Dam 22 Physical Model Gage Locations

v

27

29

29

30

30
33
33
34

34



Figures con’t

Figure No.
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

50
51
52
53
54
55
56
57
58
59

Lock and Dam 25 Physical Model Gage Locations
Lock and Dam 20 Base Condition Grid
Lock and Dam 21 Base Condition Grid
Lock and Dam 22 Base Condition Grid
Lock and Dam 24 Base Condition Grid
Lock and Dam 25 Base Condition Grid
Lock and Dam 20 Base Condition - Channel Bottom Contours
Lock and Dam 21 Base Condition - Channel Bottom Contours
Lock and Dam 22 Base Condition - Channel Bottom Contours
Lock and Dam 24 Base Condition - Channel Bottom Contours
Lock and Dam 25 Base Condition - Channel Bottom Contours
Lock and Dam 20 Pool Base Condition - Velocity Vectors & Magnitudes
Lock and Dam 21 Pool Base Condition - Velocity Vectors & Magnitudes
Lock and Dam 22 Pool Base Condition - Velocity Vectors & Magnitudes
Lock and Dam 24 Pool Base Condition - Velocity Vectors & .Magnitudes
Lock and Dam 25 Pool Base Condition - Velocity Vectors & Magnitudes
Lock and Dam 20 Tail Base Condition - Velocity Vectors & Magnitudes
Lock and Dam 21 Tail Base Condition - Velocity Vectors & Magnitudes
Lock and Dam 22 Tail Base Condition - Velocity Vectors & Magnitudes
Lock and Dam 24 Tail Base Condition - Velocity Vectors & Magnitudes
Lock and Dam 25 Tail Base Condition - Velocity Vectors & Magnitudes
Lock and Dam 25 Pool hxation 1- Velocity Vectors & Magnitudes
Lock and Dam 25 Tail Location 1- Velocity Vectors & Magnitudes
Lock and Dam 20 Pool Location 2- Velocity Vectors & Magnitudes
Lock and Dam 21 Pool Location 2- Velocity Vectors & Magnitudes
Lock and Dam 22 Pool Location 2- Velocity Vectors & Magnitudes
Lock and Dam 22 Pool Location 2MA - Modified Approach

Velocity Vectors & Magnitudes
Lock and Dam 24 Pool Location 2- Velocity Vectors & Magnitudes
Lock and Dam 25 Pool Location 2- Velocity Vectors & Magnitudes
Lock and Dam 20 Tail Location 2- Velocity Vectors & Magnitudes
Lock and Dam 21 Tail Location 2- Velocity Vectors & Magnitudes
Lock and Dam 22 Tail Location 2- Velocity Vectors & Magnitudes
Lock and Dam 24 Tail Location 2- Velocity Vectors & Magnitudes
Lock and Dam 25 Tail Location 2- Velocity Vectors & Magnitudes
Lock and Dam 20 Pool Lmation 3- Velocity Vectors & Magnitudes
Lock and Dam 21 Pool Location 3- Velocity Vectors & Magnitudes
Lock and Dam 22 Pool Location 3- Velocity Vectors & Magnitudes

vi



Figures con’t

Figure No.
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

Lock and Dam 24 Pool Location 3- Velocity Vectors & Magnitudes
Lock and Dam 25 Pool Location 3- Velocity Vectors & Magnitudes
Lock and Dam 20 Tail Location 3- Velocity Vectors & Magnitudes
Lock and Dam 21 Tail Location 3- Velocity Vectors & Magnitudes
Lock and Dam 22 Tail Location 3- Velocity Vectors & Magnitudes
Lock and Dam 24 Tail Location 3- Velocity Vectors & Magnitudes
Lock and Dam 25 Tail Location 3- Velocity Vectors & Magnitudes
Lock and Dam 20 Pool Location 4- Velocity Vectors & Magnitudes
Lock and Dam 21 Pool Location 4- Velocity Vectors & Magnitudes
Lock and Dam 22 Pool Location 4- Velocity Vectors & Magnitudes
Lock and Dam 24 Pool Location 4- Velocity Vectors& Magnitudes
Lock and Dam 25 Pool Location 4- Velocity Vectors & Magnitudes
Lock and Dam 20 Tail Location 4- Velocity Vectors & Magnitudes
Lock and Dam 21 Tail Location 4- Velocity Vectors & Magnitudes
Lock and Dam 22 Tail Location 4 -Velocity Vectors & Magnitudes
Lock and Dam 24 Tail Location 4- Velocity Vectors & Magnitudes
Lnck and Dam 25 Tail Location 4- Velocity Vectors & Magnitudes

Appendix
Hydraulic Impacts Site Assessment

vii



INTRODUCTION

1. The objective of this report is to investigate the hydraulic impacts of new lock construction at
sixteen lock and dam sites on the Upper Mississippi tiver. Basically, new lock construction will
add additiord lock capa@ty by providing a kxk chamber with useable dimensions of either 1200
feet by 110 feet, or 600 feet by 110 feet at each site. The concern for hydraulic impacts include
approach and exit conditions as well as changes in flow conditions both during and after
construction. The findings contained in this report pertain to Ma 1200 feet in length, ahhough
they would generafly be applicable to 603 foot locks as well. .$ix alternative lock locations were
considered in the initial phase of study. As part of the initial site screening process, this number
was reduced to five. These five locations are as follows:

a. bcation 1, Larrdward of the existing lock.
b. Location 2, Extension of the existing 600 ft lwk.
c. Location 3, At the partially constructed auxillary lock
d. Location 4, In the gated section of the dam.
e. Location 5, In the overflow section of the dam

2. Each alternative required addkional features to improve lock approach and exiting conditions.
All alternatives include a 120Qfoot long guard/guide wall upstream and downstream of the new
lock. Any refinements in guard wall and guide wall lengths and configurations will be addressed
during the site s~ific feasibility phase of this study, once spezific sites have beerr identified for
new lock construction. To distinguish between a guard wall and a guide wall, the following
definition, based on structure location, is provided

Guide walk located on the Iarrdward side of lock
Guard wall: located on the riverward side of lmk

In addition, some alternatives require bank sod/or channel excavation, removal or extension of
existing guide walls, and additionrd charmef training structures. Features to account for ice and
debris problems will also be addressed.

3. Because of secondary currents and the submerged pxts of the guard wall, three-dimensional
flow conditions exist. While a physical model is best suited for studying these effects, it has a high
cost and does not have the flexibility of a numerical model for making quick changes irr bank
alignment and bathymetry. Therefore, evaluation of hydraulic impacts of new lock placement
using physical models was limitcxl to two sites which exhibit generically representative
characteristicstics which alfow extrapolation of results to other sites. Numerical modeling of
alternatives was chosen as the tool for determining hydraulic impacts at other selected sites
considered for new lock construction. Verification of the numerical models was accomplished by
comparing numerical model results with results generated by the physical models at Lock and Dams
22 and 25.

4. While threedimensionaf numericaf models arc just now becoming available (e.g. CH3D), they
are time consuming to generate, difficult to calibrate, and require the usc of a super computer (e.g.
Cray). Therefore, a strde-of-the-rwt, twtilmensional, depth-averaged, finite element numerical
modeling prccedure was selected. This consisted of using the TABS-2 system (Thomas and



McAnrrally, 1985) for compudrrg water surface elevations and flow velocities, and the software
package FastTABS (Ehinghanr Young University) for pre- and post-processing of numerical model
data.

5. The TABS system has been proven to adequately model flow distribution around isfaods and
through backwater areas. Whife it dc@saccount for smorrdary flow in the mairr channel, the
model’s abiity to represent threedlmensional flow such as that occurring through the submerged
ports of a guard wall are limited. To assure the adequacy of two-dimensionaf modeling to represent
three-dimensiorraf flow characteristics, model verification through the reproduction of measured
velocity data was required. While velocity measurements for existing conditions were easily
obtained from the prototype, measurements for proposed alternatives required velocity data
collected in a physical model.

6. -use there are 16 sites on the Illinois Waterway and the Upper Mississippi River under
consideration for new lock construction, a “generic” physical modeling plrm was developed. It was
determined that the diversity of flow conditions and structural foundations could be represented
with two physicaf models. While the concept was generic mcdel testing, a selection was made
from the site list, tfms flowing two models to be avaiiable for future site spwitic testing. Because
of the diverse downbound approach conditions and the materials upon which they are founded,
Lock and Dam 22 and 25 were selected for development of generic lock designs. Luck and
Dam 22, represents a rather straight river channel approach with no major backwater areas,
whereas Lock and Dam 25 represents a wide river condhion with an extensive backwater area.
Also, Imk and Dam 22 is founded on rock whife Lock and Dam 25 is constructed on sand and is
founded on timber piling.

7. For both of the physical models, a range of flow conditions were run for each alternative as wefI
as base conditions. Velocity measurements made in the physicaf models represent the average
velocity of the surface flow to a depth of 9 feet, the normal draft of a loaded barge. Therefore,
velocity measurements were taken in the prototype such that a correlation between the average
surface velocity of the top 9-feet of depth and the depth-averaged velocity could be made. This
correlation was used to adjust depth-avemgcxl results of the numerical models to represent the
average velocity of the surface layer.

8. While Reck Island Dis@ictconcentrated their efforts on numerical modeling of Lock and Darns
20, 21, and 22, St. Paul District, in cooperation with St. Louis District, performed work on Lock
and Dams 24 and 25. This report briefly describes the physical modeling effort, discusses the
prototype data collection plan and method, presents dre numericaf modeling calibration to prototype
data results, shows verification of the models through data collected in the physical models,
presents the flow patterns for aftematives at five sites, and examines hydraulic impacts during
construction. Exuqrolation of the results of the physical and numerical modeling conducted at the
lower 5 sites, rdtowed hydraufic impacts at all 16 sites considered for additiond lock capacity to be
assessed. A site by site assessment is provided as an appendm to this repost.
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EXISTING SITE CONDITIONS

Lock and Dam 20

9. Lock and Dam 20 is located on the right bqdc of the Upper Mississippi River at river mile
343.2 at Canton, Missouri. During low and normal river flows, the dam backs up water creating a
pml which maintains a minimum 9 foot channel for navigation. The pool extends from the dam
upstream to river mile 364.2. The dam has a totaf length 2,294 feet consisting of 2,144 feet of
gated section which includes gate-s,piers, abutments and 150 feet of non-overflow earthdlke. The
facility was placed in operation in June of 1936.

10. The dam is constructed of concrete, with steel gates, and is founded on rock. There are 40
tainter gates that are 40 feet long by 20 feet high, six of which are submersible. There are afso
three non-submersible roller gates which are 60 feet long by 20 feet in diameter. The concrete pier
width between the tainter gates and roller gates is 8 feet and 15 feet respectively. The main lock
has uscable dimensions of 600 feet by 110 feet. A partially completed auxiliary lock is located
riverward and adjacent to the main lock (@gure 1).

11. For flow rates less than 110,000 cfs the navigation pool is regulated within the limits of
elevation 477.0 and 481.0 feet MSL at the dam while maintaining a minimum elevation of 479.0
fkct MSL at Gregory Landing (river mile 352.9). For flow rates greater than 110,000 cfs, the
gates are lifted clear of the water and open river conditions exist. For recediig flow rates, the gates
are lowered into the water when the pml gage reads 475.5 feet MSL. The gates of the dam are
then adjusted to keep the pool within specified limits. The tide band of pool limits for Lock and
Dam 20 are used to dampen changes in flow created by hydropower generation upstream at
Kcokuk, Iowa.

12. A ported guard wall extends upstream of the riverward waif of the auxiliary lock. The wall is
470 feet long with an abrupt 15 degree riverward bend 270 feet upstream of the auxiliary lock.
The wall consists of a series of cefls 25 feet in dmeter on 50 foot centers. Buttresses are located
atop each cell. An armored wall, 18 feet in height and supported by timber piles on 5 foot centers,
extends buttress to buttress over the fufl length of the guard wafI.”A sheet ptie curtain wafi extends
5 feet below the armored wall and is comezted to the timber pile. The curtain wall extends from
the nose celf to first cell upstream of the riverward lock wall. Tlrk leaves a 12 foot opening
between the tirst celf and the lmk wall for trash removal. The top of the armored wafl is at the
same elevation m the top of the lock wall. The bottom of the curtain wall is about 9 feet below the
lower pool limit elevation.

13. The downbound approach to the lcxskrequires flanking as tows have a tendency to be drawn
into the riverbank. During high flows when the dam gates are out of the water, a helper boat is
needed to assist tows approaching the lock.

3



Lock and Dam 21

14. Lock and Dam 21 is located on the left bank of the Mississippi River at river mile 324.9 near
Quincy, Illinois. During low and normal river flows, the dam backs up water maintaining a
minimum 9 foot navigation channel upstream to river mile 343.2. The dam has a total length
2,960 feet consisdng of 1,066 feet of gated section which includes gates, piers and abutments, 494
feet of non-overflow earthdike, and 1,400 feet of overtlow earth dam section. The Leek and Dam
was placed in operation in July of 1938.

15. Lock and Dam 21 is constructed of concrete, with steel gates, and is founded on piles in sand
and gravel. There are 10 submersible tinter gates 64 feet in length by 20 feet high and 3 roller
gates 100 feet wide by 20 fmt in diameter. Concrete piers located between the tainter gates and
roller gates are 8 feet and 15 fmt respectively. The main lmk has useable dimensions of 600 feet
by 110 feet. A partially completed auxiliaq lock is located nverward and adjacent to the main lock
(Figure 2).

16. A submersible d~e or overflow weir extends from the cast end of the dam to high ground on
the left bank amdis 1,400 feet in length. The dike is protected from scour by 1.8inches of riprap
placed over 6 inches of crushed stone. The crown is at flat pol elevation 470 feet MSL and is 20
feet wide. Side slopes are 1V:4H on the downstream side and 1V:3H on the upstream side. Since
the crest of the dke is constructed to tlat pool, the dke is routinely overtop@ while the pool is
regulated as well as during paiods of opsn river flow.

17. The mvigation pool is regulated within the limits of elevation 469.6 and 470.1 feet MSL at the
dam during low to normal flows. As flow increases, the gates are raised so as not to exceed the
authorized pd limits. For flow rates greater than 130,000 cfs, the gates are lifted clear of the
water and open river conditions exist. For receding flow rates, the gates are lowered into the water
when the taifwater below the dam drops to 469.2 feet MSL.

18. A ported guard wall extends upstream of the riverward wall of the auxiliary lock. The wall is
470 feet long with an abrupt 15 degree riverward bend 270 feet upstream of the auxihry lock.
The wall consists of a series of cells 25 feet in dmeter on 50 foot centers. Buttresses are lccated
atop each cell. An armored wall, 18 feet in height and supported by timber piles on 5 foot centers,
extends buttress to buttress over the full length of the guard wall. A shmt pile curtain wall extends
5 feet below the armored wall and is comected to the timber pile. The curtain wall extends from
the nose cell to frost cell upstream of the nverward lock wall. This leaves a 12 foot opening
between the first cell and the lock wall for trash removal. The top of the armored wall is at the
same elevation as the top of the lock wait. The bottom of the curtain wall is about 9 feet below the
lower fxml limit elevation.

19. Outdraft conditions at Imck and Dam 21 require flanking by downbound tows to successfully
complete the approach to the lock. A helper boat is needed when the tailwater approaches flood
stage. During high water upbound tows have often hit the lower guide wall.

4



Lock and Dam 22

20. Lock and Dam 22 is located on the right bank of the Upper Mississippi River at river mile
301.2 below Saverton, Mkouri. During low and normal river flows, the dam creates a P1
which maintains a minimum 9 foot navigation channel upstranr to river mile 324.9. The dam has a
total length 3,084 feet consisting of 1,024 feet of gated section which includes gates, piers and
abutments, 460 feet of non-overflow earthdk, and 1,600 feet of overflow earthen dam section
constructed to elevation 459.5 feet MSL. The facility was placed in opration in July of 1938.

21. Lock and Dam 22 is constructed of concrete, with steal gates, and is founded on rock. Along
the gated section of the dam there are 9 non-submersible tainter gates 60 feet long by 27 feet high,
one submersible tainter gate 60 feet by 25 f=t, and 3 roller gates 100 feet in lengti by 25 feet in
diameter. The concrete pier width betwen the titer gates and roller gates are 8 feet and 15 feet
respectively. Tbe main lock has useable dimensions of 600 feet by 110 feet. A partially completed
auxiliary lock is located adjacent to the main lock ~lgure 3).

22. An overflow dike extends from the east end of the dam to high ground on the left bank and is
1,600 f=t in length. Tbe dike k protected from scour by 18 inches of riprap placed over 6 inches
of crushed stone.The crown isat flat pcol elevation 459.5 feet MSL and is 20 feet wide. Side
slopes are 1V:4H on the downstream side and 1V:3H on the upstran side. Since the crest of the
dike is constructed to tlat pcml, the d~e is routinely overtopped while the pool is regulated as well
as during periods of open river flow.

23. The navigation pool is regdated within the limits of elevation 459.1 and 459.6 feet MSL at the
dam during low to normal flows. As flow increases, fhe gates are raised so as not to exceed the
authorized pool limits. For flow rates greater than 162,000 cfs, the gates are lifted clear of the
water and open river conditions exist. For recedingflowrates,thegates are lowered into the water
when the tailwater below the dam drops to 458.6 feet MSL.

24. Downbound vessels must reduce speed as they approach the lock due to the presence of strong
outdraft currents across the approach toward the dam. Helper boats are required to assist tows
approachingthelock from upstream for flows above 100,060 cfs.

Lock and Dam 24

25. Lock and Dam 24 is lecated on the right bank of the Upper Mississippi River, river mile
273.4, at Clarksville, Missouri. It backs up water from river mile 273.4 to 301.2 on the
Mississippi River during low and normal river flows, thus providing a 9 foot navigation channel.
The total length of the dam is 4,280 feet and includes a 1,340 foot gated section and a 2,820 foot
earthen overflow dke (13gure 4).

26. Lock and Dam 24 is constructed of concrete with steel gates. Tbe foundation of the fust pier
of the dam is rock, the second through fourth piers rest on piling driven into rock, and the
remainder of the dam is supported by friction piling. There are 15 tainter gates, 80 feet by 25 feet,

5



separated by 14 concrete piers 10 feet in width. The main lock is located on the right bank and has
useable dimensions of 600 fmf by 110 feet. There is an adjoining auxiliary lock that is incomplete.

27. An overtlow dike, 2,820 feet@ length, extends from the east end of the darn to high ground.
It is constructed with a core of sheet pile dlapbmgm cells covered with stone and slush concrete;
The crown of tbe dike is 20 feet wide and has an elevation of 449.0 feet MSL. The d~e is
overtopped for a discharge of about 175,000 cfs; however, it is not overtopped while the pool is
regulated.

28. The navigation pool is regulated within the limits of 445.5 and 449.0 feet MSL at the dam and
a sbge of 11.5 and 12.2 feet at Louisiana, Missouri (river mile 282.9) for flow rates less than
154,000 cfs. As flow increases, the gates are raised so as not to exceed the limits at Louisiana,
MO. For flow rates greater than 154,000 cfs, the gates are lifted clear of the water and open river
conditions exist. For receding flow rates, the gates are lowered into the water when the pool side
of the dam drops to 445.5 feet MSL. The gates are then adjusted according to flow forecasts to
keep the pool within the specified limits.

29. A ported guard wall extends upstream of the riverward wall of the auxibry leek. The wall is
470 f-t long with an abrupt 15 degree riverward bend 270 feet upstream of the auxihary lock.
The wall consists of a series of cells 25 feet in diameter on 50 foot centers. Buttresses are located
atop each eel. An armored wall, 18 feet in height, extends buttress to buttress along the full length
of the guard wall. A curtain wall, made of sheet pile, extends 5 feet below tJrearmored wall and is
supported by timber pifes on 5 foot centers. The curtain wall extends from the nose cell to the first
cell upstream of the riverward lock waU. This leaves a 12 foot opening between the fwst cell and
the lock wall for trash removrd. The top of the armored waU is at the same elevation as the lock
wall. The bottom of the curtain wall is about 9 feet below the low control pool elevation.

30. The opening for trash removal has proved to be ineffective. Trees become pinned across the
opening which in turn encourages the collection of smaller debris. As debris continues to
accumulate over time, the debris gap becomes plu~ed. This results in more flow being forced
through the series of timber piks upstream. Because the timber pikm are on 5 foot centers, debris
accumulates quickly. As plugging of the o@ngs increase, the orstdmft near the nose cell, due to
flow crossing over to the darn, becomes more severe. Becasusc of the potential for bed scour due
to these currents, nprap was placed ~ound tie cells extending about 35-feet on each side of the
wall

31. Outdraft conditions have hampered downbound tows approaching the lock. A spur dike was
constructed upstream of the lock to improve approach conditions. While this has improved
conditions, a helper boat is needed under moderate to high flow conditions to overcome the outdraft
and align the tow with the guide waU.

Lock and Dam 25

32. Lock and Dam 25 is located on the right bank of the Upper Mississippi River, river mile
241.4, at Cape Au Gris, Missouri. It backs up water ffom river mile 241.4 to 273.4 on the
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Mississippi River durirtg low and normaf nvm flows, thus providing a 9 foot navigation channel.
The structure was completed in July of 1939. The total length of tfte dam is 4,078 feet and includes
1,296 feet of fainter and roller gatea, and 2,566 feet of earthen overflow dike (Pigure 5).

33. Lock and Dam 25 is constructed of concrete, with steel gates, and is founded on wcmdenpiles
driven in sand. There are 14 tainter gates 60 feet by 25 f=t and 3 rolfer gates 100 feet by 25 feet.
Concrete piers between the tainter gates and rolfergates are 8 feet and 15 feet in width respectively.
The main lock is located on the right bank and has useable dimensions of 600 feet by 110 feet.
There is an adjoining auxiliary lock that is incomplete.

34. An overffow dke extends from the east end of the dam to high ground on the left bank and is
2,566 feet in length. The dike is protected from scour by 18 inches of riprap placed over 6 inches
of crushed stone. The crown is at elevation 434.0 feet MSL and is 20 fed wide. Side slopes are
IV:4H on the downstream side and 1V:3H on the upstream side. The dke becomes overtopped
for a discharge of about 188,000 cfs; however, it is not overtopped whife the pool is regulated.

35. For flow rates below 135,000 cfs, the navigation pcml is regulated witiin the limits of
elevation 429.7 and 434.0 feet MSL at the dam and 434,0 and 437.0 feet MSL at Mosier Landing
(river mile 260.3). For flow ratea less than 93,000 cfs the minimum pool elevation of 429.7 feet
MSL is maintained at the dam. As flow increases, the gates are raised so as not to exceed the limits
at Mosier Landing. When flow rates excd 135,000 cfs, the gates arc lifted clear of the water and
open river condkions exist. For receding flow mtes, the gates are lowered into the water when the
pool side of the dam drops to 429.7 feet MSL. The gates are then adjusted according to the flow
forecasts to keep the pool within the specified limits.

36. A ported guard waif extends upstream of the riverward wall of the auxiliary lock. The wall is
470 feet long with an abrupt 15 degree riverward bend 270 feet upstream of the auxiliwy lock,
The waif consists of a series of cells 25 feet in dmeter on 50 foot centers. Buttresses are located
atop each celf. An armored waif, 18 feet in height, extends buttress to buttress along the full length
of the guard waif. A sheet pife curtain waff extends 5 feet below the armored waif and is supported
by timber pifes on 5 foot centers. The curtain wall extends from the nose celf to tlrst eel upstream
of the riverward lock wall. This leaves a 12 foot opening between the tlrst celf and the lock wafl
for hash removal. The top of the armored wafl is at tfte same elevation as the lock waif. The
bottom of the curtain wait is about 9 feet below the low control pool elevation.

37. The opening for trash removal has proved to be ineffective. Trees become pinned across the
opening which in turn encourages the collection of smaller debris. As debris continues to
accumulate over time, the debris gap becomes plugged. This results in more flow being forced
through the series of timber piles upstream. lkause the timber pifes are on 5 foot centers, debris
accumulates quickly. As plugging of the openings increase, the outdraft near the nose cell, due to
flow crossing over to the dam, becomes more severe, aggravating scour of the bed riverward of the
upstream celfs.

38. Severe outdraft conditions have hampered dowrrbound tows approaching the lock. An “U
shaped spur dike was constructed upstream of the lock to improve approach condhions. Whiie this
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has improved conditions, a helper boat is often used to overcome the outdraft and align the tow
with the guide wall. The presence of the guard wall binders operation of the help boat.

PROTOTYPE DATA COLLECTION

Data Collection Plan

39. Veloeity data was collected in the prototype for the purpse of ealibradng the numerical
models for Manning’s “n” values and eddy viscosities. While collection of data during high,
moderate, and low flow conditions would have been ideal, a moderate flow eondition was
determined to be adequate for calibration purposes since model verification was to be performed
though the use of the physical model results.

40. Transeers for veloeity data collection were located to obtain total channel discharge, flow
distribution where there was divided flow, and velocity magnitudes and directions. To accomplish
this, approximately seven transect lines per site were required (see Figures 6 through 10).

D2ta Collection F4uipmen~

41. Measurements for the lateral veloeity protles were made using an Acoustic Doppler Current
Profder (ADCP). The ADCP determines flow velccity by measuring the frequency shift, or
Doppler effeet, of sound pulses afong four narrow, orthogonal beams. The ADCP transmits short
acoustic pulses along the beams at a knowr frequency (614,4C0 hertz). The beams are oriented at
an angle of 20 degrees from vertieaf and in 90 degrees azimuth increments horizontally. The
ADCP reeeives and processes eehoes from successive, dkcrete volumes rdong the four beams. The
difference between transmitted and received frequencies is proportional to the velocity of water
relative to the ADCP. A three dimensional velmity vector is computed using trigonometq. Any
thr= of the four beams is sufficient to ealcufate the three veloeity components needed. The fourth
beam allows evahration of whether the current is homogeneous among all four beams and gives an
indication of data precision.

42. The ADCP uses longer acoustic pulses for tracfdng the river bottom than for water profrling.
The longer pulses and the strong Iodized who provided by the bottom allows measurement of the
depth and the velocity of the ADCP refative to the bottom. The water veloeity is determined as the
difference between the measured water veloeity and the measured velecity of the ADCP relative to
the bottom. If the river bed material is moving, the ADCP wilf measure the downstream velocity
of bed material as an upstream veloeity of Oreboat. By using GPS to monitor movement of the
boat, post-processing of the data was performed to reduee this error.

43. The ADCP ean not measure the bottom 6 pereent of the cross seetion because of eehoes from
dre side lobes of the beams. It afso loses data near the surface because processing is delayed for a
short period to alfow transducer ringing to subside. Velmities for the unmeasured top rmd bottom
layers were estimated using the power law during post-processing.
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44. The ADCP was used to measure the magnitude and direction of the velocity at 18 inch depth
increments. The horizontal resolution of the velocity measurement depended on the speed of the
boat while measurement were Wig made. Horizontal resolution varied between 10 to 15 feet.

Presentation of Results

45. Data from the ADCP dcscribmg water velocity and depth, boat velocity, instrument
configuration, and ADCP signal characteristics were processed through computer software that did
the calculations to produce plots of depth-averaged velocities and water depths at increments of 50
feet. Examples of the data presentation are shown in Figures 11 through 15. Note that h=dwater
and tilwater readings at the dam are given for the time data was being collected. Also the total
channel discharge as measured with the ADCP is given.

46. Water surface elevations were surveyed at three locations for each site. Using bench madcs at
the dam, water surface elevations were determined upstream and downstream of the dam and at the
most upstream and downstream transect.

Table 1
Prototype Water Surface Elevations (fret MSL) and Discharges (cfs)

Lock& 1995 Approx. WaterSurfaceElevations
& SurveyDate Discharge UpstrmmHeadwaterTsilwaterDownstream
20 13-14June 136,0ilJ 479.s1 479.75 47s.90 478.73
21 14-15June 134,000 471.45 470.54 469.12 468.34
22 16June 140,000 459.96 459.30 457.60 457.30
24 20-21June 120,000 446.32 446.16 442.72 442.07
25 22-23June 118,000 430.74 429.68 428.26 427.78

Surface Velocities vs. Depth-Averaged Velocities

47. A later dkcussion shows that velocities in the physical model were meawred using floats
drafting at about 9 feet, whereas the numerical model produces depth-avemged velocities.
Therefore, there was a concern for how surface layer velocities in the zero to 9 foot depth range
differ from depth-averaged velocities for the same transect. A paper titled “Maximum and Mean
Velocities and Entropy in Open-Channel Flow” (Chiu and Said, 1995) examined velocity protlles,
including the Mississippi River, and found that tie maximum velaity occurs at approximately one-
thiid of the total depth below the water surface (Figure 16). WES pfornwl a study at the DaUes
Lock and Dam @he Datles Lock and Dam, Mcdel to Prototype Data Comparison, 1995) where
flow velocities were measured through the water column, across harrseets, using an ADCP. A
review of the velocity profiles showed the water velocities in the top layer of the column to be
about 10 percent greater than the depth-averaged value in the main channel and to be about 20
percent greater outside the main channel.

48. The water depths of the two aforementioned studies are somewhat greater than the five
Mississippi River sites being considered here. A quantitative analysis was required for this study.
An upstream transect at each site was selected for analysis to determine a relationship between the
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average velocity of the surface layer (O to 9 foot depth) and the average velocity over the entire
water column. At tie scl@cd transect, extra passes (3 to 4) across the tramat were made such
that data over every 50 foot horizontal increment was collected for a minimum of 40 seconds.
Forty seconds is recommended by the USGS to remove the turbulence flux out of the data and
provide a standard deviation about the mean of 0.2 feet per second.

49. When considering the relationship between tfre average flow velocity of the surface layer and
the depth-averaged velocity, water depth becomes important. From Figure 16, it can be seen that
the shear stresses along the bottom cause the velocity proftie curve to increase at a very slow rate.
Wiir reference to Figure 16, consider the flow velocity that would be achieved by a float
submerged to 2/3 of the total depth and the depth-averaged velocity that would include the lower
1/3 of the cume in its computation. f3ased on this, it was expected that the difference between
average surface layer flow velocities and deptl-averaged flow velocities would be greater in
shaflow water than deep water. Therefore, for the 9 feet surface layer considered here, surface
velocities were expected to be somewhat greater than depth-averaged velocities in a depth range of
10 to 15 f@ than depths of over 25 feet. The results of the analysis are shown in the following
table

Table 2
Average Surface Velocity vs. Depth-Averaged Velocity

Lock TraI- Depth:10’-15’ Depth:15’-20’ Depth:20’-25’ Depth:25‘PhlS
& sect Depth Surface DepthSurface DepthSurface DepthSurface
Dam No. & & -- &k
20

&&
2 2.29 2.52 2.74 3.04 3.30 3.71 3.41 3.83

21 2 2.98 3.35 2.89 3.20 2.67 2.97 NA NA
22 6 2.88 3.21 2.94 3.24 2.94 3.42 3.56 3.81
24 3 2.35 2.64 2.37 2.62 2.17 2.36 2.22 2.39
25 4 2.89 3.24 3.06 3.38 2.52 2.78 NA NA

Note: Average surface velocities are for the layer depth of zero to 9 feet.

Table 3
Average Surface Velocity > Depth-Averaged Velocity (in percent)

Lock Tram Depth10’-15’ Depth:15’-20’ Deptfx20’-25’ Depth:25’Plus
& sect No. Percent No. Percent No. Percent No. Percent

~ J@ Pts Greater Pt.sGreater Pts Greater Pts Greater
20 2 8 9.1 10 9.9 11 11.0 12 10,9
21 2 12 11.0 30 9.7 10 10.1 0 NA
22 6 20 10.2 24 9.2 2 14.0 3 6.6
24 3 23 10.9 20 9.6 8 8.0 4 7.0
25 4 31 10.7 20 9.4 2 9.2 0 NA

50. Table 3 indicates tlrat a conversion factor to translate depth-averaged velocities to average
velocities in the top 9 feet of the water column varies from about 1.07 to 1.14. Where float depth
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were reduced to 6 feet and 3 feet in the physicaf model, due to shalfow depths, the surface
velocities would be about 11 percent greater than the depth-averaged velocities.

NUMERICAL MODELING
CALIBRATION AND VERIFICATION TO PROTOTYPE

Modeling Procedure

51. A numerical model is a description of a system that uses computational methods to
approximate the Solution Of a mathematical model. RMA2 is a numerical model that solves the
rwo-dimensionrd, vertically averaged Reynolds form of the Navier Stokes equations for free surface
flow. It computes water surface elevations and flow velocities at rrodaf points of a iinite element
mesh representing the river. RMA2 is the heart of the TABS system that was used for the
numerical modeling effort presented here.

52. Pre- and post-processing of data was performed through the use of the software package
FastTAES. l%stTABS was used to generate the model grid and display model results. Fas:TABS
can import elevations (z) located by state plane coordinates (x and y) and automatically generate a
grid. Hydraulic parameters such as Manning’s “n” and eddy viscosity can be easily assigned to
each element. A boundary Conditionsfife alfows known water surface elevations and inflow rates to
be defined. Display options provide a variety of color plots for bathymetry and flow velocities.

53. Whiie the TABS programs can adequately model an open river with islands or man made
structures such as mooring cefls, accurate representation of flow through submerged ports is beyond
tie model’s capabilities. Because the p-t.s of the existing and proposed guard waits are
submerged, a thnx-dimensional flow condition exists. However, if two-dimensionaf model results
reprod we measured data, it can be assumed that the thrmdimensiorral flow conditions can be
adequately represented two-dlmensiondly. It is was this premise that verification of the modeling
procedure was based.

54. ExMrrg condition models for the five sites were geneded and verified using velocities
measured in the prototype.

Grid Generation

55. The frst step in grid generation was to select the upstream and downstream boundaries. The
objective of the modefing effort was to show flow conditions that tows will encounter while
approaching ~d exiting tie lock for each alternative over a range of discharges. Therefore, the
model must extend a sufficient distance upstream and downstream. A distance of about two miles
upstream and downstream of the dam was deemed adequate. Two grids were generated for each
study sitq (1) upstream of the dam and (2) downstream of the dam.

56. The most recent hydrographic and topographic surveys were used for grid development at the
five sites. Hydrographic channel surveys were used to define tie river bathymetry. Detaifed scour
surveys taken in the vicinity of the dam were used to enhance grid definition near tie dam. AU
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soundings were recorded to the nearest tenth of a fwt. To~graphic survey information was used
to describe the landward and backwater areas near the river. The hydrogmpbic channel data was
digitally recorded in state plane coordinates thus providing an ASCII fite of xyz data on a series of
floppy discs. Scour surveys for Lock and Dams 20, 21 and 22 were recorded digitally as xyz dam,
however, at Lock and Dams 24 and 25, only contour plots were available, therefore an xyz fde was
created by digitizing (converting analog data to digital data) points along contour lines.
Topographic survey.data at all of the sites had to be converted in the same manner.

Table 4
Survey Information

Lock
&
~
20
21
22
24
25

HydrommhicRiverSurvev
TransectSounding

@ Ss@!L!!Increment
May 94 200ft 50ft
May 94 200ft 50ft
Ott93 200ft 50ft
No.93 1000ft 50ft
NW 93 1000ft 50f:

ScourSurvey
ContourSounding

& - Increment
Ott94 NA 50ft
Nov94 NA 50ft
Dec94 NA 50ft
Dw93 5ft NA
Aug93 5ft NA

TopographicSurvey
contour

& W
Mar94 2ft
Mar94 2ft
Mar94 2ft
1973 2 ft
1973 2 ft

57. The xyz fdes locating elevation points (nodes) within the boundary limits of each model were
impertedintoFa.stTABSforgridgenerationofexistingconditions.Becauseofthelargenumberof

datapoints,thiiningofdatawas rqrired. Thiswas accomplishedintwo ways (1)removalof

pointsfrom the data set and (2) triangulating in equilateral triangles of assigned dimensions using
FastTABS. Triangulating with FastTABS produces nodal point elevations based on interpolation of
the known elevations. Merging of triangles was then performed to produce quadrilateral elements.
Where less definition was required, nodal points were eliminated to create larger elements. Where
greater definition was required, the mesh refinement option was used.

58. A ported guard wall exists at Lock and Dams 20, 21, 24, and 25. The location of the guard
wall is common to all sites. The walls extend upstream of the riverward wall of the auxikry lock.
Tley are 470 feet in length with an abrupt 15 degree riverward bend 270 feet upstream of the lock
wall. The wall consists of a series of circular cells 25 feet in diameter on 50 foot centers. An
armored wall 18 f=t in height is supported by timber piles on 5 fed centers. The timber piles
extend from the nose cell to the fwst cell upstream of the lock wall. A curtain wait made of sheet
pile extends 5 feet beneath the armored wall and is supprted by the timber piles. Because the
TABS system is a two-dmensionrd model, only the circular cells could be represented. Octagonal
elements were created at the cell locations and by dmgging mid-side ncdes, a circular element was
formed.

Calibration and Verification

59. The existing condition models were run for the dischages and appropriate trdwater elevations
shown in Table 1. Typical Manning’s “n” values were assigned to the main channel and backwater
areas. The “n” values were then adjusted to produce similar wafer surface elevations measured in
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the prototype. The folfowing tables show Manning’s “n” vafues, eddy viscosities, and the resulting
water surface profiles compared to prototype values.

Table 5
Eddy Viscosities and Manning’s “n” Vafues

L’4D20
Location E!XYx

UpstreamModel
MainChannel 20 0.022
SideChannels NA
Vegetation NA
Guardwall 10 0.015
DownstreamModel
MainChannel 20 0.026
SideChannels20 0.026
Vegetation NA

L&D21

E!MY-X

30 0.020
NA

50 0.080
10 0.018

30 0.020
30 0.020
50 0.080

Table 6

L&D22

E!MYx

60 0,022
30 0.040
20 0.080

NA

60 0.022
30 0.040
20 0.080

Water Surface Elevations (ft MSL)

Lock UpstreamLimit UpstreamofDam DownstreamofDam

L&D24 L&D25
~~ Iz!!!Yx

30 0.020 30 0.025
10Q 0.020 400 0.040
50 0.080 400 0.095
30 0.020 15 0.018

30 0.020 30 0.025
100 0.020 30 0.025
50 0.080 30 0.085

J+._ ~ m -U ~m
20 479.8 479.7 479.4 479.4 478.9 478.9
21 471.4 471.2 470.5 470.7 468.5 468.5
22 460.0 460.1 459.3 459.4 457.5 457.5
24 446.3 446.3 446.2 446.2 442.7 442.7
25 430.7 430.7 429.7 429.9 428.3 428.2

DownstreamLimit
~ w
478.7 478.6
468.3 468.3
457.3 457.3
442.1 442.1
427.8 427.9

60. The prototype vehchies area reflection of the June 1995 bathymetry, whereas the numericaf
model velocities are based on the bathymetry from October 1993 through May 1994. Therefore,
water depths were included in the presentation of results to indkate changes in bathymetry which
can impact the Iateraf velocity profite. Three transects were selected for presentation: (1) a cross
section immediately upstiemn of the dam (2) either a mid-reach cross section upstream or a cross
section immediately downstream of the dam, and (3) mid-reach cross section downstream.
Prototype velocities and depths were averaged over 50 foot horizontal increments. Corresponding
numerical model data points were used for verification. To reduce the quantity of data for
presentation, every fifth point of the prototype data and the corresprding numericaf model data
point was used. Tables 7 through i 1 show model verification results. Distances are in feet
measured from the right bank, depths are given to the nearest foot, and velocities are given in feet
per second (fps) to the nearest tenth.
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Table 7
Lock and Dam 20

Verification of Models to Prototype Data

UpstreamofDam -Transect3 DownstreamofDam -Transect2 MidDownstreamReach-Trans6
Depth Velocity Depth Velocity Depth Velocity

DistancepintoModel Pinto Model Pinto Model Proto Mcdel Pinto Model Proto &k!
250 21 21 1.7 1.5 4 4 1.5 1.0 19 18 2.3 2.3
500 25 25 2.4 2.3 4 4 1.5 1.0 27 26 2.4 2.8
750 20 20 2.9 2.8 4 4 2.1 1.1 25 26 2.8 3.0
1000 17 17 3.1 3.1 4 4 1.0 0.9 25 25 3.0 3.1
1250 16 15 3.0 3.2 12 10 2.2 1.4 22 21 3.1 3.1
1500 17 15 2.9 3,2 24 23 3.1 2.9 17 17 2.9 3.2
1750 15 14 3.1 3.3 25 26 3.4 3.5 15 16 3.0 3.2
2000 15 16 3.0 3.3 27 26 3.4 3.8 16 16 3.0 3.1
2250 22 21 3.4 3.2 26 25 3.4 3.-1 17 19 2.5 2.7
2500 24 21 3.5 2.0 20 21 3.1 3.5 10 11 1.8 2.1
2750 16 17 2.9 3.2
3000 13 13 2.3 1.9

Table 8
Lock and Dam 21

Verification of Models to Prototype Data

UpstreamofDam -Transect4
Depth Velocity

Dist.mceProm Model Pinto W
250 87 3.8 0.4
500 11 8 2.5 1.2
750 10 12 2.9 2.0
1000 14 16 3.7 2.7
1250 21 19 2.7 3.4
1500 25 27 2.8 3.4
1750 26 29 3.4 3.5
2000 25 26 3.3 3.7
2250 23 24 2.4 3.5
2500 19 21 4.6 2.5
2750

DownstreamofDam -Transect2
Depth Velocity

~M&w
22 15 3.4 2.7
21 21 3.1 3.4
18 19 2.9 3.1
14 16 2.7 2.9
13 14 2.9 3.0
15 15 2.9 3.2
15 15 3.4 3.5
16 16 3.3 3.5
17 17 2.6 3.4
19 17 3.0 2.9
16 13 2.3 0.5

MidDownstreamReach-Trans7
Depth Velocity

~ Model Proto W
18 17 1.9 2.4
21 22 3.7 3.2
25 26 3.8 3.4
26 28 4.2 3.7
27 28 3.5 3.5
25 25 3.0 3.0
24 21 2.0 2.0
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Table 9
Leek and Dam 22

Verification of Models to Prototype Data

UpstreamofDam -Transect2
Depth VelOcity

DistancePintoModel Proto Model
250 18 19 3.4 3.2
500 24 24 4.4 3.4
750 19 19 3.4 3.6
10QO 21 18 3.1 3.5
1250 22 20 3.6 3.6
1500 20 22 3.7 3.4
1750 18 22 3.1 2.7
2000 12 18 3.1 2.2
2250 9 10 2.4 1.5
2500 77 1.2 0.9
2750 56 0.7 0.2
3000 44 1.2 0.1

MidUpstreamReach-Transezt6
Depth Velocity

~ Model PmtO -
28 22 2.8 2.8
16 16 3.5 3.6
11 14 3.2 3.7
13 19 1.5 3.4
14 16 2.7 3.4
17 17 2.8 3.5
18 21 3.6 3.3
18 22 3.6 2.8
17 20 3.6 2.2
14 12 2.2 1.8
10 s 2.6 0.8
8 5 1.8 0.1

MidDownstreamReach-Tram3,
Depth Velocity

~ Model Proto W
17 16 3,6 2.7
20 20 6.6 3.5
27 25 3.0 4.1
27 25 3.5 3.s
27 23 3.2 3.8
25 23 1.5 3.7
24 25 1.9 2.8

Table 10
Lock and Dam 24

Verification of Models to Prototype Data

UpstreamofDam -Transect5 MidUpstreamReach-Tmnsect3 MidDownstreamReach-Tram9
Depth Velocity Depth Velocity Depth Velocitv

DistancePintoModel Proto w Pmta Mcdel Pinto Mcdel ~ Model ~ Model
250 20 17 2.3 2.1 z 14 1.9 1.9 17 15 2.9 2.3
500 25 25 3.0 2.7 17 15 2.3 2.2 17 19 2.4 2.8
750 26 28 3.4 2.7 16 15 2.6 2.3 19 23 2.7 3.0
1000 28 31 3.4 2.7 17 16 2.4 2.3 21 24 3.1 3.2
1250 30 31 3.0 2.8 21 18 2.1 2.3 24 24 2.4 3.1
1500 28 27 2.4 2.5 25 23 2.2 2.2 26 25 2.5 2.8
1750 16 16 1.3 1.7 26 26 1.6 1.9 26 23 2.9 2.4
2000 11 10 1.0 1.2 11 20 2.6 2.2 18 12 1.7 1.7
22s0 7 5 0.8 0.7 16 14 2.5 2.9
2500 4 3 0.9 0.4 13 11 2.8 3.0
2750 10 10 2.3 2.9
30J30 9 7 2.2 2.4
3250 6 5 1.8 2.2
3500 6 4 1.8 1.9
3750 6 4 1.5 1.6
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Table 11
Lock and Dam 25

Verification of Models to Prototype Data

UpstreamofDam -Transect1
Deuth Velocity

_ ProtoModel Proto.-
250 28 31 2.7 2.2
500 37 33 2.9 2.9
75o 25 30 3.0 2.8
1000 26 27 2.9 2.9
1250 28 26 2.7 2.1
1500 22 20 1.2 1.2
1750 21 18 3.0 2.1
2000 35 28 2.9 2.3
225o 19 25 2.6 1.6
2500 8 5 1.4 1.3
2750
3000
3250

MidUpstreamReach-Transect4
Depth Velocity

~ Model Proto W
3 8. 2.0 1.2
5 10 3.0 1.8
4 12 1.7 2.4
6 17 2.2 3.0
15 19 3.7 3.4
19 14 3.4 3.3
19 12 3.6 2.9
15 11 1.8 2.8
11 9 3.5 2.7
10 7 3.4 2.8
10 10 3.6 2.7
11 11 2.s 2.7
14 10 3.2 2.6

MidDownstreamReach-Trans6.
Depth Velocity

~ Model Proto w
34 27 1.8 1.8
31 31 2.8 2.5
30 30 2.6 2,7
25 30 2.7 2.7
23 28 3.5 2.s
20 26 3.0 2.8
17 19 2.3 2.3
9 13 1.9 1.6

61. Tables 7 through 11 show gcwi correlation between prototype and numerical model depth and
veetor magnitudes with few exceptions. The areas where significant variaoee in depth and velocity
occur is explained by the following contributing factors:

a. Difficulty in precisely locating the prototype transect on the numerical grid,
b. Changes in bed configuration between data collection dates.
c. Presence of underwater features not represented in tie numericat model.

An investigation of the correlation of veetor direction was performed as well. Vector plots of the
numerical model results were generated and compared to plots of the prototype data. In general
there was very gmt correlation of vector d~ection.

62. Except for the arm in the vicinity of the dam, the bathymehy of the numerical models was
based on hydrographic survey harrscets spaced at intervals ranging from 200 to 1,CK)Ofeet. No
detailed information of underwater structures, such as submerged wingdams, was available at the
time of the study. Therefore, unless the hydrographic survey was taken directly over a structure, it
was not represented in the grid definition. Wide the presence of any submerged structure would
have an impact on velocities and deposition patterns, these impacts are highly localimd and will not
affect the “big picture”.
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ALTERNATIVE PLANS

General

63. As previously discussed, there are five potential locations for a 1200 f~t lock within an
existing lock and darn facility:

a. Location 1, Landward of the existing lock.
b. Location 2, Extension of the existing 600 ft lock.
c. Location 3, At the partially constructed auxiliary lock.
d. Location 4, In a gated portion of the dam.
e. Lmation 5, In the overflow section of the dam.

Figure 17 shows the generic site plan for Locations 1 through 4. Location 5 is not shown as it was
evaluated based on existing conditions. Note that guard/guide walls are shown for each plan.
There are two basic wall types, (1) ported and (2) solid, and two possible locations (1) nverward
(guard wall)and (2) kmdward (guide wall).A brief analysis was performed to provide design
criteria for selecting tlhebest suited guard/guide waif design for each plan.

64. Upstream of the lock, an outdraft is often present in the lock approach due to flow crossing
over to the dam. 13cxmuseof this, a ported guard wall is the preferred guidance structure upstream
of a lock. A ported guard wall consists of a series of cells with a wall attached. The wall has the
same top elevation as the lock and has a bottom elevation 10 feet below the low control pool.
Submerged ports allow flow to enter the lock approach, thus “pulling” the tow into the lock
approach, and the flOWthrough the ports provides a cross current to aid in rdigning the tow along
the wall. The need for an ups&earnguard wall was evaluated using both the numerical and physical
mcdels of Lock and Dam 22. An alternative to an upstream guard wall, is to utihze the full time
services of a helper boat to aid tows in aligning with the lock approach.

65. Downstream of the lock, a solid guide wall is the preferred guidance structure. If a ported
guard wall were to be used, flow through the ports would “push” the tow away from the wall. If a
solid guard wall were used, it would restrict flow in the mairi channel and an eddy would be
formed off the nose cell. Any guard wall design would make for a narrow entrance for upbound
tows.

66. It is standard practice to provide a guardlguide walls equal in length to the usable length of the
lock chamber. Consider a downbound tow along side a shorter guard wall in the upper approach.
The rear of the tow would be exposed to the cross current off the nose cell causing the tow to pivot
around the nose cefL Similarly, downstream of the lock, a shorter guide wall would expose the end
of the tow to eddy currents that form off the nose cell.
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67. In summary, the preferred guidance sb’uctures for new lmk construction for guard/guide walls
as they apply to the new lock lccations are as follows:

a. Upstream: A ported guard wall, 1200 feet in length.
b. Downstream: A solid guide waU, 120Qfeet in length.

These prefered structures were used when possibIey however, because some plans allow use of the
existing lock, some changes to the preferred design were required.

68. A generic guard wall design was developed for the physical model testing. It was comprised
of a series of circular cells spaced to provide a port width of 20 feet. The nose cell was 50 feet in
diameter, to resist direct impact loads, while all other cells were 30 feet in diameter. A curtain
wall was attached to the cells. The top of the wall was the same elevation as the lock wall and the
bottom of the wall was 10 feet below low control pool. In this way, the wail served two
purposes: (1) flow through the ports passed beneath the tows hull to prevent “pinning” of the tow
against the wall, and (2) provided a surface for attachment of an armored steel robbing surface for
tows entering and exiting the lock. As previously mentioned, this wall design was generic. New
guard wall design concepts may be tested once specific sites for new lock construction have been
identified.

Location 1

69. New lock construction at Location 1 consists of providing a lock, with usable dimensions of
1200 feet by 110 feet, sufficiently landward of the existing lock to allow for construction in the dry.
The riverward wall of the new lock will be 75 fmt kmdward of the existing lock. The lock
entrance will be 620 feet upstream of the existing lock entrance. Access channels with a depth of
15 to 20 f~t below the low control pod elevation will be required. Additional excavation of the
right bank upstream and downstream of the lock wilf be required to provide adequate approach and
exit conditions.

70, The orientation of the lock for this alternative makes the determination of the best guidance
structure design difficult. In the upper approach, the new lock gates will be about 600 feet
upstream of the existing lock gates. This allows the existing guide wall to remain. A ported
guard wall upstream of the new lock will require a massive amount of excavation to provide an
adequate approach. However, based on performance, the preferred guide structure for the new
lock is a ported guard wall, 1200 feet in length. In the lower approach, the lock gates are
essentially side by side. Therefore, the existing guide wall will remain for use of the existing lock
and riguide wall 1200 feet in length will be provided for the new lock.

71. Navigation features for Location 1 consist of the following (see Figure 18 for generic design):

a. A portal guard wall, 1203 feet in length, upstrezmrof the new lock.
b. A solid guide wall, 1200 feet in length, downstream of the new lock.
c. Excavation for channel access to the new lock.
d. Excavation of the right bank, upstream and downstream of lock.
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Location 2

72. New lock construction at Location 2 consists of extending the existing lock to uscable
dimensions of 1200 feet by 1IO feet. The existing ported guard wall wifl be removed There are
no proposed changes to the overflow dke. Based on the preferred design for guidance features, a
1200 feet ported guard wafl upstream and a 12(KIfoot solid guide waif downstream will be
required.

73. Whiie there is adequate rmm downstream for approaching and exiting tows, the upstream
guard wall greatly limits the maneuvering room for tows in the lock approach. To address this, the
upstream guide wafl was removed and the right bank was excavated to a 1V:3H slope. The toe of
slope was established at an elevation 20 feet below low control pm] and 200 feet landward of the
guard wall. Benching of the channel at this elevation was performed when necessary. The toe of
slope runs paralfel to the guard wall from the landward lock wall to a point upstrmrr where the toe
elevation intersec~ the natural channel.

74. When Location 2 was inititi~ tested in the Lock and Daii, 22 physicaf model, outdraft
problems were noted in the upstream approach to the lock due to the curvature of the channel
immediately upstream of the lock approach. In response, emergent charmel trainiig structures were
instakl and tested in the physical model to aflieviate the problem.

75. Navigation features for I-cation 2 consist of the following (see Figure 19 for generic design):
a. Removal of the existing ported guard wall.
b. Construction of a ported guard waif, 1200 fmt in length, upstream of the new lock.
c. Removaf of the existing downstrarn guide waif.
d. Construction of a solid guide waif, 120flfeet in length, downstream of the new lock.
e. RemovaI of the existing upstream guide wafl.
f. Right bank excavation upstrm.rrrof the lock.
g. Construction of channel training works which tie into the right descending bank upstream

of the approach to the new lock.

Location 3

76. New Iock mnsttuction at Location 3 consists of providing a lock with usable dimensions of
1200 feet by 110 feet at the pardalfy constructed auxiliary lock chamber, thus providing two
operational locks. The existing ported guard wall will be removed. There are no proposed changes
to the dam or overflow dike.

77. Because Location 3 allows the use of both the new 1200 foot lock and the existing 600 foot
lock, consideration as to preferred guidance structures upstream and downstream was required.
In the upper approach, a wall common to both locks would provide a guard wall for the existing
lock and a guide wall for the new lock. However, flow through the wall ports would force tows
approaching the 1200 foot lock away from the wall. A solid wall would have severe outdraft off

the nose cell making alignment with either lock difficult. Therefore, the best upstream guidance
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structure was determined to be a ported guard wall on the riverside of the new lock. Because the
riverward wall of the new lock extends 250 feet upstream of the lock entrance, a ported guard
wall 950 feet in length was tested in the physical model for adequacy.

78. In the downstream approach,a ported wall common to both locks would have similar
disadvantages as a ported common wall in the upper approach. A solid wall in this location
would make approach conditions to the existing lock dit%cult. A ported guard wall on the new
lock would cause tows to be forced away from the wall. It was determined that the best suited
guidance structures for this alternative would be a solid guard wall, 1200 feet in length, on the
riverside of the new lock and an extension of the existing guide wall such that it would extend an
additional 600 feet downstream.

79. Navigation features for Location 3 consist of the foffowing (see Figure 20 for generic design):

a. Removal of the existing ported guard wrdl.
b. Construction of a ported guard wait, 1200 fost in length, upstream of the new lock.
c. Constmction of a solid guard waif, 1200 feet in length, downstream of the new lock.
d. Extension of the existing downstream solid guide wall to a length of 1250 feet.

Location 4

80. New l~k construction at Location 4 consists of providing a lock with usable dimensions of
1200 feet by 110 feet in the gated portion of the darn, adjacent to the partkdfy constructed auxiliary
Icck. This plan provides two operational Iocks, however, because the new lock is constructed in
the gated portion of the dam, two gate bays are removal from service. Four scenarios were
considered to address the lost controlled flow ar=

a. Construct two gate bays (typical to existing) in the overtlow dike adjacent to the dam.
b. Construct two gate bays of the same S* one in rhe overflow dike and one between.

the locks at the partially constructed auxiliary lock.
c. Construct one gate bay (typicaf to existing) between the locks at the auxiliary lock.
d. Do not repface the lost controlled flow area.

81. Whife scenario (d) would be the easiest to construct in tfre physicaf model, it was felt that by
providing flow between the locks, approach conditions may improve. Therefore, scenario (c) was
chosen for model testing at Lock and Dam 25. Based on the unfavorable navigation conditions
produced by this scenario, scenario (c) was eliminated from model tesdrrg at Lock and Dam 22 and
was replaced with scenario (d).

82. It was decided that should Location 4 be selected as the best aftemative for any site, the design
woutd be a combination of scenario (a) and (c). Two gates of the same size as those removed
would be constructed in the overflow dike adjacent to the gated swtion of the dam. A gate
operated only for passage of ice and debris would be constructed at the existing auxiliary lock
location.
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83. As with Location 3, this pkirt allows the use of both the new 1200 fbot lock and the existing
600 foot lock. Based on the preferred design guidance, a 1200 foo: ported gumd wall will be
required upstream and a 1200 foot solid guide wall will be required downstream. There is adequate
space between the locks such that no changes to existing guide waits was required.

84. The nverward waif of the new lwk extends 250 feet upstream of the lock entrance. This
length was dahrcted from the required 1200 feet of guard wall. Therefore, the upstream Prted
guard wall, as tested, was 950 feet in length.

85. Navigation featores for Location 4 consists of the following (see Figure21 for generic design):

a. Removal of the existing ported guard wall.
b. Construction of a ported guard wait, 950 feet in length, upstream of the new lock.
c. A solid guide wafl, 1200 feet in length, downstream of the new lock.

86. Navigation conditions for Lmcation 5 were appraised using base condition bathymehy and
model results. A dlcussion of Lmation 5 appears in the Findings section of this rept.

PHYSICAL MODELING

87. Physical mcdels of Lock and Dam 22 and 25 were constructed by the Waterways Experimem
Station (WES) in Vicksburg, Mississippi. Complete reports of the physical modeling effort are
presented in the CEWES teehnicaf reports, Navigm”on Model Study of Lock and Dum 22 and
Navigm”on Model Srady of Zock and Dam 25. lleca.use the physical model results were used to
verify the numencaf models, a brief description of the procedure and results is provided here.

Physical Model Features

88. The physicat models (Figures 22 and 23) were 1:120 scafe reproduction of a short math of the
Mississippi River channel and adjacent backwater wea.s. The Lock and Dam 22 model extended
about 8,000 feet upstxeam of the dam and about 6,000 feet downsmeam, whereas the Lmck and
Dam 25 model extended about 12,000 feet upstream and downstream of the dam. Based on
experience of past model testing, the-sedkances were considered to be adequate to model approach
and exit conditions for tows 1203 feet in length.

89. The models were fixcx-bed ~ with the channel and backwater areas molded in sand-cement
mortar. Brushed concrete has proven in the past to be appropriate for representing Manning’s “n”.
Template-swere constructed along the hydrographic survey lines taken in November 1993. Each
survey line transect was spaced at intervals about 1000 feet. Therefore, any underwater features,
such as pre-pool wingdams, that may be lcm.tcxibetween survey transects, are not represented in
the model. The backwater areas were shapxt to contours taken from topographic mapping. Wire
mesh folded in a zig-zag pattern was used to simulate trees and vegetation located in the backwater
areas. Representation of localized scour in the vicinity of the dam was achieved by use of periodic
scour survey data.
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90. Portions of the model, where changes in bank alignments and charnel configumtions were
required for different rdtematives, were molded in pea gravel with a scratch coat of sand-cement
mortar over the surface. The lock, dam, piers, and guide and guard walls were built from sheet
metal. The dam gates were simulated with vertical sheet metal slide type gates. The existing
ported guard wall for Lmk and Dam 25 was constructed of sheet metal. The curtain wall and
timber piles of the guard wall were not represented in the mcdel.

91. The models were built to undistorted linear scale ratio of 1:120. This scale ratio has proven in
the past to accurately reproduce velaities, cross currents, and eddies that would affect navigation.
The following approximate scale ratios (l+oude scaling) are of hydraulic importance:

Velocity: 1:11 Time 1:11 Discharge: 1:158,(03 Manning’s n: 1:2.2

92. Inflow to the models were very accurately controlled and measured at the upper end by means
of valves and venturi meters. Water surface elevations were measured by means of piezometer
gages located in the model channel; 9 gages for Lock and Dam 22 and 10 gages for Lock and
Dam 25 (see Figures 22 and 23 for location). For controkd river conditions, the upper stages
were controlled at the dam, and for open river conditions, tailwater elevations were conko!led at
the lower end.

Data Collection

93. Velocities and current direction in the model were determined by use of floats. The floats
consisted of 35 mm tilm canisters with a flotation coltar made of foam rubber for adjusdng dtaft.
The draft depth in the main channel was set at 9 feet to represent loaded barge draft. The canisters
contained a battery which was wired to a bulb protmdmg through the canister lid. Six to 10 floats
were released at a specific location and allowed to flow downstream. Access to release points was
accomplished by use of a cat walk supported by two cylindrical rods at each end.

94. Cameras attached to the roof trusses at specific locations recorded the movement of the lighted
floats. Recording parameters such as number of pixels the obj~t ha-smoved and the number of
seconds betwwen recordings arc sent to the control house where post-processing of the datia is
performed. In seconds the results were viewed on a computer monitor where erroneous data was
reidily identified and eliminated from the data set. Sources of error included:

a. Floats becoming grounded on channel high spots.
b. Light sources from outside the building disrupting collation of data.
c. “Clumping” together of floats.
d. Weak light source on the float.
e. Occasional dragging of the float along the bottom.
f. Tilting of the float thus changing flow dynamics and incra.sing submergence.

95. Reduction in data collection errors was accomplished by rarely interfering with the floats
downstream progress. When clumping occurred, a gentle nudge from a long rod was used to
separate them. When grounding occurred, a gentle nudge was sometimes used; however, this float
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was usuallyeliminatedfromthedataset.Ina location where grounding of the floats consistently
occurred due to insufficient flow depth, the submergence of the floats were reduced to 6 feet and
then to 3 feet when ntxe.ssary.

96. Floats were released at several locations until sufficient data was obtained to detine the flow
pattern for tfre entire channel. Because of the wide channel upstream of Lock and Dam 25, it was
not possible to obtain data in the backwater area.

Base Conditions

97. A wide mrrge of dk.charges and corresponding pool elevations were modeled for existing
conditions as shown in the following tables. Gage locations are shown in Figures 22 and 23.

Table 12
Lock and Dam 22

Model Study Discharges and Pool Elevations (ft MSL)

Gage Dischargein1,COOcfs ——
J’@ ~ J@ ~ ~ ~
1 459.6 459.9 460.7 464.3 467.4
2 459.6 459.7 460.1 463,9 467.1
3 459.5 459.5 459.6 463.5 466.7
4 459.5 459.5 459.5 463.5 466.7
5 459.5 459.4 459.4 463.4 466.5

6 451.3 454.7 458.7 462.9 466.1
7 451.3 454.7 458.8 462.8 466.1
8 451.2 454.6 458.7 462.8 466.0
9 451.1 454.4 458.6 462.6 465.8

Table 13
Lock and Dam 25

Model Study Discharges and Pool Elevations (ft MSL)

Gage Discharzein1.(XX3cfs
& @ ~ ~ & ~ .,”. . . . . . .

1 433.9 432.0 430.8 432.3 434.4
~ ~ *
437.1 440.1 442.5

2 433.8 431.7 430.1 431.8 434.0
3 433.8 431.5 429.7 431.5 433.8
4 433.7 431.5 429.7 431.5 433.7
5 433.7 431.4 429.6 431.4 433.5

6 422.0 425.0 429.4 431.3 433.2
7 422.0 425.0 429.5 431.2 433.3
8 421.9 424.9 429.4 431.1 433.2
9 421.8 424.7 429.3 431.0 433.1
10 421.8 424.6 429.2 430.8 433.8

Note Elevations shown in bold were controlled elevations.

436.1 439.9 442.2
436.5 439.7 442.1
436.5 439.7 442.0
436.5 439.5 442.0

436.1 439.3 441.9
436.1 439.3 441.9
436.0 439.2 441.7
435.8 439.0 441.5
435.7 438.8 441.4
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Alternatives

98. Six alternative locations for new lock construction were considered. Eliminated as part of
initial site screening process was Lmzdion 6 which is on the opposite side of the channel kurdward
of dre darn. The remaining five alternative lock construction sites arc as listed below.

Base Condhion: Exiting Conditions -1993 hydrographic surveys
Location 1: brdw~d of existing lock
Location 2: Extend existing lock
Location 3: Auxiliary (dummy) lock
Location 4: Gated portion of the darn
Lccation 5: Overffow seslion of the darn

Nok Location 5 was evahrated using Base Condition bathymetry and model results

99. The topography and nearby h-ansportationroutes precluded the implementation of a kmdward
lock for Lock and Darn 22. The elimination of this alternative from the Lock and Dam test
schedule allowed supplemental tests of otki lccdoris.Location 2 was modified to include a
system of spur dikes along the upstream approach of Lock and Darn 22. For each alternative and
set of base conditions, a wide range of dkcharges were simulated in the physical models. Plots
showing vector magnitude and direction were produced for each discharge. Plots for a high,
moderate, and low discharge were selected for comparison to numericzd model results.

NUMERICAL MODELING
VERIFICATION TO PHYSICAL MODEL

100. Numerical models were developed to evaluate flow conditions for various plan
alternatives at Lock and Dam 20, 21, 22, 24, and 25. The verification of the numerical
models required an analysis to prove their ability to reproduce three-dimensional flow features,
two-dimensionally. To accomplish this, numerical model results for Lock and Dam 22 and 25
were compared to respective physical model results. To reduce the number of data tables,
only the results from the mid-range dkcharges shown in Table 14 are presented here.

101. Features such as bathymetry, topography, channel roughness, and discharge used in the
physicaJ models were similarly represented in the numerical models. The hydrographic and
topographic survey data used to develop the physical model beds were used to develop the
numerical model grids. As with the physical models, no additional bed definition was
provided to represent submerged wing dams in the numerical model. Grid definition and
model bathymetry for each of the 5 sites modeled are depicted in Figures 24 through 28
and 29 through 33 respectively.

102, It was estimated that the brushed cement mortar bed of the physical model had a
roughness @farming’s “n’”) between 0.010 and 0.013 which corresponds to a prototype
roughness between 0.020 and 0.030. Roughness coefficients developed as part of the
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numericaf model cahbration to prototype data were in thk range, therefore, no changes were
made in the Manning’s “n” values shown in Table 5.

Base Conditions

103. Essentially, the numerical models developed for prototype cahbration were accepted as
representative of the physical model base conditions. The existing conditions numerical model
was run for the same range of discharges as the physical model. With the exception of minor
grid changes due to wetting and drying problems, no changes were made to model grids. As
part of the model verification, a comparison of water surface profiles was performed. Water
surface elevations were obtained from the numerical model at nodes approximating the
physical model gage locations (see Figures 22 and 23). The following table shows the results
for three discharges; low, mid-range, and high.

Table 14
Verification of Water Surface Profile

Physical Model Elevation minus Numerical Model Elevation

Gage
J@.
1
2
3
4
5
6
7
8
9
10

LackandDam 22
50,000 162,004276,000
0.0 +0.3 +0.1
0.0 +0.1 +0.1
0.0 -0.1 0.0
0.0 0.0 +0.2
0.0 4.2 -0.2
0.0 0.0 +0.1
0.0 +0.1 +0.1
0.0 0.0 0.0
-0.1 -0.1 4.1
NIA WA NIA

LockandDam 25
65,OQO 166,000327,000
+0.1 +0.1 +0.1
0.0 0.0 0.0
0.0 0.0 4.1
0.0 0.0 -0.2
0.0 +0.1 0.0
+0.1 +0.3 +0.2
0.0 +0.1 0.0
0.0 +0.1 0.0
-0.1 0.0 0.0
0.0 0.0 0.0

104. The depth-averaged velocity vectors produced by the numerical models were modified
to represent surface layer velocities similar to the physical model. As presented in “Prototype
Data Collection”, the surface layer velocities will be about 10 percent greater than the
corresponding depth-averaged velocity. Therefore, pat-processing of the output data was
performed by multiplying the magnitude of each veztor by a factor of 1.1.

105. For presentation of model verification to base conditions, three transects upstream and
downstream of the dam were selected for comparison. Because flow conditions in the lock
approach are important, alltransects were located witfrin inreaches extending 4000 feet uPstream
and downstream of the dam. Transect locations for Lock and Dam 22 and 25 are given in the
following table:
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Table 15
Transect Locations for Comparative Analysis

TransectUpstrearxv Approximate
B Downstream DistancetoDam PhysicalFeature
1 Uls 3000-4000tl SpurDike
2 Uls 2000ft LockApproach
3 Uls 700-1200ft EndofGuardWall
4 DIS 600-I200R EndofLockWail
5 DIS 1200-2400tl EndofGuideWall
6 DA 3000-3500tl LockApproach

106. A fill range of discharges were run in the physical models of Lock and Dam 22 and 25.
Plots showing the magnitude and the direction of the surface velocities were generated.
Numerical model results for Lock and Dam 22 and 25 were plotted for comparison to the physical
model. To reduce the comparative effort of the results, numerical model plots were generated for
a low, moderate, and high discharge. The following table shows the entire range of discharges
run in both the physical and numerical models for all 5 sites. Velocity vector plots of numerical
model results are presented for the discharges shown in bold.

Table 16
Physical and Numerical Model Discharges

Lock&
& DkchamesinCFS
20 50,000 78,000 95,000 110,000 190,000284,000
21 50,000 Ioo>ooo 134,000220,000 280>000
22 50,000 100,000 162,000220,000 276>000
24 65,000 125,000 138,000 166,000200,000 240,000303,000327,000
25 65>000 125,000 138,000 166,000200>000 240,000303,000327,000

107. Plots of the numerical model results were made such that they encompassed the
approximate area shown in the physical model plots. Through the use of FastTABS features,
transects of velocity magnitudes were superimposed on the plots. Because it is difficult to control
the scale of the plots, it was not possible to generate a plot that would perfectly overlay the
physical model plots. Therefore, the physical model plots were enlarged through trial and emor
until physical features shown in the physical model plots aligned with similar features represented
in the numerical model plots. For example, the length and location of guide walls, guard walls,
the dam, training structures, and the general channel shape were used to get correct perspective.

108. To compare results, tables of numerical model velocities vs. physical model velocities were
generated for each transect. Velocity magnitudes at 6 to 10 points of roughly equal spacing
across the transect, were tabularized for comparison. Whh the exception of transects near the
dam, the overall data sets show a fairly good comparison of results, To show the agreement as
well as the exceptions, a comparison of average transect velocities was made. The following table
shows how the numerical model compared to the physical model by percent difference. A
positive vahre indicates the numerical model was greater than the physical model and vice versa
for a negative value. All comparisons are based on the physical model results.
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Table 17
Velocity Vector Verification - Base Condhions

~ Discharge Transect1 Transed2 Transed3 Transect4 Transect5
22 50,000 NA -19% 13?6 -30Y. -1070
22 162,000 1o% 4Y. -17?4 -14?4 -8%
22 276,ooo 7% -5?4 -11% -7% -6%

25 65,OOO -8% -8% 3% -16% -lo%
25 166,000 -5% -14% -12% -30% 3%
25 327.ooo -2’% 1% -2% 4% 5’%

Transect6
NA
-25%
-16Y.

Io%
1%
-7%

109. PA overall comparison shows the numerical model more otlen under predicted surface
velocities than over predicted. Thk indicates that the factor used to adjust depth-averaged flow
velocities to represent surf-lacevelocities may have been underestimated. The greatest difference
occurs at Transect 4. It should be noted that Transect 4 is located just downstream of the dam
where flow is still somewhat turbulent. Correlation of Transect 4 is best at h]gh flows where only
a swell head exists across the dam thus making flow conditions downstream of the dam less
turbulent.

110. Table 17 gives an indication of how well the average transect velocities compared, but does
not indicate how well individual vector points compared. To show this, the average difference
between vector points was determined for each transect. The results are shown in the following
table.

Table 18
Average Velocity Vector Difference (@s) - Base Condhions

~ DischargeTransect1 Transect2 Transect3 Transect4 Transect5 Transect6
22 50,000 NA 0.3 0.2 0.9 0.2 NA
22 162,000 0.4 0.2 0.9 0.9 0.4 1.4
22 276,000 0.3 0.2 0.6 0.4 0.3 0.9

25 65,ooO 0.1 0.2 0.1 0.2 0.5 0.2
25 166,000 0.4 0.7 0.6 1.0 0.5 0.2
25 327,000 0.7 0.1 0.1 0.8 0.3 0.4

111. While the magnitude of the velocity is valuable information, direction is of greater
importance because thk indicates the direction of force acting on the tows. Therefore, as part of
the comparison, the direction of velocity vectors were examined as well. The correlation of
vector direction was quite good with minor exceptions. The highly turbulent flow area just
downstream of the dam was difficult to reproduce because of 3-dimensional effects. Because the
numerical model represents the depth-averaged flow dkection, small surface eddies that form in
the physical model are not represented in the numerical model. However, examination of the
plotted vectors showed correlation when strong eddies existed. Comparisons were made for all
alternative lock locations.
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PIan Alternatives

112. Numericaf models of the alternative plans were created by modifying the base condition
grid files. The grids were retincd in the vicinity of the dam to ease the creation of the lock
and guidarrce structures. The refinement also enhanced the presentation of flow conditions in
this area. Ported guard wall designs were represented in the numerical model by circular
elements in the same manner as the existing guard wait was presented in the prototype
calibration and base condition verification. Cell diameter and spacing was the same as the
generic design used in the physical model.

113. As with the base condition comparison of numericat and physical models, a similar
comparison was made for atl alternative lock location plans. This included:

a. Adjust depth averaged velocities to represent surface velocities by applying a factor
of 1.1.

b. Locate transects for comparison near areas of interest.
c. Generation of numerical model plots for low, mid-range, and high discharges.
d. Match numerical rnodcl plot scale to physicaf model plot scale for Lock and Dams

22 and 25.
e. Present average transect velocity comparison by percent difference.
f. Present average difference in velocity vators in feet per second.

114. The basic location of trarrsects for comparison purposes dld not change from those used
in the the base condition comparison. The physical features locating transect, as shown in
Table 15, were the same for comparison of attemative plan results. Because a physical feature
may change location with each alternative, the distance a given transect is from the dam may
vary from location to Iocation. For example, the “end of guard wall” in the upper approach
was significantly different for Locations 2 and 4.

115. A review of vector plots showed a good correlation for vector direction. As with base
conditions, surface eddies were not represented in the numericat models unless they were
significant. The following tables show how well average transect velocities in the numericaf
model compared to average transect velocities in the physical model. A positive value reflects
the percent the numericaf model result was greater than the physical model and the opposite
for negative vafues.
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Table 19
Lock and Dam 22

Average Transect Velocity Comparison - Plan Alternatives

- Dkchar!ze Transect1 Transect2 Tmnsect3 Transect4 Transect5 Transect6
2 50.000 2’% -11’% -14V0 -33% -14Y0 -38%
2 162;000 7% -7% -1570 -28% -13% -26%
2 276,000 13% o% 2% -1370 2’% -14%

3 50,000 4’% -14% -IOYO -31% 4% -3%
3 162,000 9% -3% 4’% -29% -7% -21%
3 276,000 10’% -IYO -5’% -20% -7% -21%

4 50,000 % “/0 0/0 % “/. “/.
4 162,000 “/’ “/0 % “/’ % %
4 276,000 % % “/. % % %

Table 20
Lock and Dam 25

Average Transect Velocity Comparison - Plan Alternatives

W Dkcharge Transect1 Transect2 Transect3 Transect4 Transect5 Transect6
I 65,000 -19Y0 -8% 1o% -w o% -6%
1 166;000 -9% -14% -8% -22% -&A -7%
1 327,000 -5% 3% 6% -18% 7% lVO

2 65,000 -20% -10% 20% 2% 12% -11%
2 166,000 -130/o .18% -22% 6% 4% -5%
2 327>000 -8% 3% -5% 15% 3% -II%

3 65,000 o% -1% -4% o% -11% -13%
3 166,000 -5% -12Y. -1170 12% -3’% -12%
3 327,000 -1% o% 0% 15% o% -9%

4 65,000 24% -17% -6% -20% -8?4 -8%
4 I66,000 -9% -1176 -20Y, -4% -’4% -6$4
4 327,000 4% -1% -2% -7% -15Y, -24%

116. The above tables show fair correlation in magnitude of velocity vectors. As with the
base condition comparison, it appears the factor used to adjust depth-averaged velocities to
represent surface velocities may be a little low. To show the degree to which individual
velocity vectors varied across the transeet, the following tables were compared.
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Table 21
Lock arrd Dam 22

Average Vector Velocity Difference (fps) - Plan Alternatives

_ Discharge Transect1 Transect2 Transect3 Transect4 Transect5 Transect6
2 50,000 0,3 0.2 0.2 0.9 0.3 1.2
2 162,000 0.3 0.3 0.7 1.7 0.7 1.6
2 276,000 0.1 0.0 0.1 0.8 0.I 0.9

3 50,000 0.1 0.2 0.2 1.0 0.2 0.8
3 162,000 0.3 0.I 0.2 2.1 0,4 I.3
3 276>000 0.4 0.I 0.3 1.3 0.4 I.4

4 50,000 0.3 0.I 0.2 1.2 I.0 1.0
4 162,000 0.4 0.3 I.0 1.4 1.4 2.I
4 276.000 0.5 0.3 I.0 2.1 2.7 2.7

Table 22
Lock and Dam 25

Average Vector Velocity Difference (fps) - Plan Alternatives

_ Discharge TransectI Transect2 Transect3 Transect4 Transect5 Transect6
1 65,000 0.3 0.I o.I 0.1 0.3 0.2
I 166,000 0.7 0.4 0.3 0.6 0.3 0.2
1 327,000 0.4 0.2 0.2 0.8 0.3 0.1

2 65,000 0.3 0.2 0.3 0.I 0.3 0.2
2 166,000 0.6 0.8 I.0 0.7 0.4 0.4
2 327,000 0.2 0.1 0.2 0.6 0.2 0.7

3 65,000 0.1 0.2 0.2 0.1 0.3 0.3
3 166,000 0.3 0.6 0.5 0.7 0.3 0.5
3 327,000 0.2 0.2 0.2 0.6 0.3 0.7

4 65,000 0.2 0.2 0.I 0.5 0.2 0,2
4 166>000 0.6 0.5 1.1 0.4 0.5 0.6
4 327.000 0.I 0.1 0.3 0.5 0.6 I.2
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HYDRAULIC IMPACTS DURING CONSTRUCTION

117. Each lock and dam selected as a site for new Iock construction, would require the
construction of a cofferdam to aflow the construction area to be dewatered. Depending on the
location, it may be necessary to restrict flow through a portion of the dam. Locating a new
lock within the gated section of the dam may require blockage of as marry as four to six dam
gates during construction. This will most likely create an increase in the swellhead at the dam
and effect water surface elevations for some distance upstream. Swellhcad refers to the
increase in water level noticed immediately upstream of the structure created by piers and
other features which obstruct the flow even when the gates of the dam are out of the water and
open river conditions exist. In addition to changes in water surface profiles, changes in
velocity patterns may be experienced if the flow distribution through the gates is changed,
possibly resulting in sedimentation or erosion.

Method of AnaIysis

118. The numerical model UNET was selected to evaluate the effects of reducing the flow
capacity through Dams 20, 21, 22 during construction of additionat locks. UNET is a one-
dimensional unsteady flow model which simulates flow through a network of open channels.
It is especially well suited for modeling large river systems where the dynamic effects of levee
breaches, backwater impacts, mild channel slopes and varying flow rates along the river are
important.

119. Basic input data required for model execution includes channel geometry in the form of
surveyed cross-sections, Manning’s “n” values, stage and discharge hydrography at model
boundaries, and information describing each dam. UNET computes swellheads at each dam
site using D’Aubisson’s equation to estimate the headless due to piers and abutments.

120. It was not considered necessary to anafyze water surface profiles during low flows when
the dams are being regulated, as the reduction in flow capacity for any one gate can be
compensated for by redistributing flow through the remaining available gates. However, loss
of gate capacity will require that the gates of the dam be taken out of the water earlier during
high flow events to insure that authorized pool Iimits are not exceeded.

121. An existing calibrated model of the 1986 flocd was selected to arrafyze swellhcads and
water surface profiles for open river conditions. The 1986 flood, which was approximately a
10-year event, was considered adequate to represent swellheads for a wide range of discharges
when the dams are out of operation. Peak discharges among the three sites ranged from about
270,000 cfs at Lock and Dam 20 to 300,000 cfs at Lock and Dam 22. With the exception of
rare flood events, once the gates of the darn are raised above the water surface, both historical
data and numerical model results show that swellheads are relatively constant and independent
of discharge. During the 1993 flood minor reductions in sweIlheads were observed. The

31



reductions were primarily due to greater submergence on the uncontrolled overflow sections of
the dams and flow through areas that are normally not available for conveyance.

122. The effects of blocking gates at Locks and Dams 24 and 25 were evrduatcd using the
steady flow water surface profile computation model HEC-2. Required input needed for the
steady flow model is similar to that required for UNET. Two separate events were analyzed: a
10-year flood event, and the maximum flow which occurs just before the overflow section of
the dams are overtopped. The discharge selected as coincident with a 10-yea flood event at
both locations was 290,000 cfs, based on previous studies. The maximum flow just before
overtopping of the submersible overflow sections of Dams 24 and 25 were taken as 175,000
cfs, and 188,000 cfs respectively, based on data from previous flood events and subsequent
model runs.

Alternatives

123. The number of gates required to be removed from service during construction will
depend on the rdtemative selected for placement of a new lock. Construction of a new lock at
Location 4 could require taking as many as four to six gates out of service during construction,
depending upon the size of the gates. Alternative locations not within the gated section of the
dam, may require only one or two gates to be taken out of service, or none at all. As an upper
limit for the analysis of alternatives, restricting flow through the gated section of the dam by
an amount equal to approximately twice the lock width was considered adequate. Because the
difference in swellhead computed for blocking a single gate was rather small, gate closures at
each site were modeled in two-gate increments. AItematives were modeled by reducing the
length of the gatcd section of the dam in the model. Table 24 lists the computed swellhead at
each lock and dam site for each of the gate closure alternatives considered.
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Location

LockandDam 20
AllGatesopen
3-40 fttaintergatesblocked
6-40 foottaintergates
blocked

LmckandDam 21
AllGatesopen
2-64 fttaintergatesblocked
4-64 ftwintergatesblocked

LockandDam 22
AllGatesopen
1-60fttainterga:cb[ccked
3-60 fttitergatesblocked
3-60 fttainters,1-100ft
rollerblocked

Table 23
Computed Swellhead at Dams

20, 21 and 22

SwelkadinFeet Cumulative
Difference

0.52 NA
0.65 0.13
0.81 0.29

0.82 NA
0.99 0.17
1.20 0.38

0.89 NA
1.02 0.13
1.27 0.38
1.52 0.63

124. A similar modeling strategy was followed at Locks arrd Dams 24 and 25. The resulting
computed swellheads (pool minus failwater) are shown in Table 24. As in the case of Lock
and Dams 20, 21 and 22, the computed swellhead varies with the number of gates blocked.
The increase in swellhead is about the same regardless of the magnitude of flow. However,
atry increase in swellhead would be reduced when water levels exceed the crests of the
overflow dikes.

Table 24
Computed Swellhead at Dams

24 and 25

Location SweOheadinFeet
Mm FlowBefore Cum.
DikeOvertopping ~

LockandDam 24
AllGatesopen(Exist.Capacity) 0.54 NA
2-80 fttaintergatesblocked 0.71 0.17
4-80 fttaintergatesblocked 0.98 0.44

LockandDam 25
AllGatesopen(Exist.Capacity) 0.78 NA
3-60 fttaintergatesblocked 0.95 0.17

3-60fttainters,1-100ftrollerblocked 1.12 0.34

SwellheadinFeet
10-YearFlocd

~

0.66
0.84
1.11

0.73
0.81
0.88

Cum.
pit&

NA
0.18
0.45

NA
0.08
0.15
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125. In general, results were similar among the five sites analyred. On average, a maximum
increase in swellhead of about 0.1 feet can be expected for each 60 to 80 foot section of gate
removed from service. Similar increases in swellhead would be anticipated at other lock and
dam sites. However, some variation would be expected due to structural differences such as
the length of the gated dam section and the elevation and length of overflow weirs, etc.

126. For each of the gate closure alternatives modeled, water surface profiles were also
computed to evaluate the effects of an increase in swellhead upstream in the pool. Tables 25
and 26 give the number of river miles upstream of each dam where the difference in water
surface elevation for each of the gate closure alternatives considered differ by less than 0.1 feet
with the existing condition, all gates open. As expected the effect of an increase in swellhead
at the dam diminishes with increasing distance upstream away from the dam.

Table 25
The Influence of Blocking Gate Bays on Water Surface Profiles

Lock and Dams 20, 21, and 22

Lock and
Dam No.

20
20

21
21

22
22
22

Lock and
Dam No
T

24

25
25

Number of
Gates Blocked

3 Tainters
6 Tainters

2 Tainters
4 Tairrters

1 Tainter
3 Tainters

3 Tainters, 1 Roller

Distarr~~ above dam to pointwhere

WSEL difference is at or less than 0.1 ft.
270,000 CFS

4.1 mi.
14.9 mi.

272,000 CFS
9.1 mi
17.0 mi

300,000 CFS
4.6 mi

14.3 mi.
20.7 mi.

Table 26
The Influence of Blocking Gate Bays on Water”Surface Profiles

Lock and Dams 24 and 25

Distance above dam to point where
Number of WSEL difference is at or iess than 0.1 ft.

Gates Blocked 175,000 CFS 290,000 CFS
2 Tabrters 6.8 mi. 7.9 mi.

17.1 mi. 20.4 mi.4 Tainters

188,000 CFS
3 Tairrters 6.7 mi.

3 Tainters, 1 Roller 12.5 mi.

290,000 CFS
0.0 mi.
7.7 mi.
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Other Impacts During Construction

127. Specific sites identiticd for added lock capacity may require additional modeling studies
to assess the impact of construction operations on navigation. This pertains primarily to
extending the existing lock at Lucation 2, and to a lesser extent, construction of a new lock at
Location 3, adjacent to the existing lock. Also, if flow through the dam is restricted, gate
operation schedules will need to be developed for low to normaf flows when the pools are
being regulated. If necessary, these additional analyses would be accomplished during site
specific feasibility.

FINDINGS

128. There are 16 sites on the Upper Mksissippi River and Illinois Waterway under consideration
for large scale lock and dam improvements. These improvements include extendhtg the existing
lock to accommodate longer tows or the construction of a new lock to operate in addition to the
existing lock. The objective of this analysis was to investigate the hydraulic impacts of large scale
improvements at these 16 sites. TOinvestigate each site individually would have been beyond the
scope of this study. Therefore, the following three step study plan was developed:

Study Plan

Step 1: Study hydraulic impacts at five sites on the Upper Mississippi River utilizing
physical and numerical models.

Step 2: Identi@ advantages and disadvantages for each of the five alternative locations
considered for new lock construction.

Step 3: Assess plan alternatives for the remaining 11 un-modeled sites bases on similarities
with modeled sites.

129. Step 1 is presented in detail in the main body of the report. A summary of Step 1 is
presented here for review and is followed by the presentation of Steps 2 and 3.

Step 1 (Summary)

130. The tive sites selected for study were Lock and Dam 20, 21, 22, 24, and 25. Plan
alternatives were obtained from the initial site screening process. Plan alternatives include large
scale lock improvements at the following five locations:

Location 1: Landward of existing lock.
Location 2: Extension of existing lock.
Location 3: Auxiliary lock location,
Location 4: Gated portion of the dam.
Location 5: Overflow weir
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Because of topographic limitations and land development, Location 1 was eliminated from
consideration at Lock and Dam sites 20, 21, 22, and 24. An evaluation of Location 5 was made
based on bathymetry and flow characteristics shown in existing conditions.

131, A generic physical model plan was developed to account for three-dimensional flow
conditions, to monitor entrance and exit effects on tows, and to aid in the development of
numerical models. Two sites of diverse conditions, yet generically representative, Lock and Dam
22 and 25, were selected tlom the five study sites for physical model tests. State-of-the-art two-
dimensiorral computer models were generated for all five sites using the computer program
TABS2. The numerical models were calibrated and verified to measured data taken in the
prototype and physical models. All potential plan alternatives were tested in the physical and
numerical models. Because surface velocities were recorded in the physical models, the depth-
averaged numerical model velocities were adjusted to represent surface velocities for comparison
of results. The comparison of results was adequate to justify the use of 2-dimensional numerical
models to evaluate the performance of plan alternatives.

132. Plots of tbe numericrd model results were generated using the software package FastTABS.
These plots focused on flow conditions in the upper and lower lock approaches for three
discharge$ low, mid-range, and high. By examining the magnitude and direction of velocity
vectors in the upper and lower lock approaches, an evaluation of hydraulic conditions was made
for each alternative plan. Because of similarities in vector plots over the range of discharges, only
the mid-range discharge plots are presented here. In addition to evaluating post-project
navigation conditions, hydraulic impacts during construction were also evaluated.

Location 1

133, The basic plan design for Location 1 consists of the following (see Figure 18):

a. Construct a new lock landward of the existing lock.
b. Excavate the right bank upstream and downstream of the new lock.
c. Dredge access channels to the new lock.
d. Construct a solid guide wall, 1200 feet in lerrgtl+upstream of the new lock.
e. Constmct a solid guide wall, 1200 feet in length, downstream of the new lock.
f. Removal of the existing ported guard wall (if present).

Of the five sites modeled, this plan design was only considered feasible for Lock and Dam 25
However, its application was evaluated for the remaining 11 sites.

134. Figures 44 and 45 show the flow conditions in the upper and lower lock approach for a mid-
range discharge at Lock and Dam 25. The vector plots indicate that both downbound and
upbound tows will experience acceptable approach conditions to the new lock. However,
extensive bank excavation will be required both upstream and downstream to allow for an
optimum two-tow length approach from the ends of the approach walls. The approach to the
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existing lock from upstream will be extremely difficult due to the addition of the 1200 foot ported
guard wall for the new lock directing flow across the lock entrance. Therefore, the existing lock
would be dedicated to small tows and recreational traflic.

135. Hydraulic impacts during construction for this alternative are minimal. Since construction
will take p[ace on the landside of the existing lock, operation of the dam will not be impacted.
Construction at this location, however, at times may hinder the approach to the existing lock.

Location 2

136. The basic plan design for Location 2 consists of the following (see Figure 19):

a. Remove the downstream guide wall.
b. Extend existing lock downstream an additional 600 feet.
c. Remove the existing upstream guide wall.
d. Grade the right bank upstream of the lock.
e. Construct a ported guard wall, 1200 feet in length, upstream of the lock.
f Remove the downstream guide wall.
g. Construct a solid guide wall, 1200 feet in length, downstream of the lock
c. Removal of the existing ported guard wall (if present).

137. At Lock and Dam 20, the sharp bend rad[us of the channel upstream of the lock will require
a major realignment of the channel to provide an approach distance of 2 to 3 tow lengths so that
tows will have completed maneuvering once the final approach to the lock is initiated.
Straightening of the bankhrre and submerged dikes would also aid approaching tows significantly
by directing flow parallel with the lock approach and reducing the flow concentration near the
guard wall. The dikes would extend from the baokhne across and perpendicular to the navigation
charnel, spaced at intervals of 500 feet with at least 15 feet of submergence below flat pool.
Downstream of the lock, the outlet of Buck Run Creek would be re-routed at least 1200 feet
downstream of its present location to allow for extension of the landside lockwall.

138. Lock and Dam 21 would require little if any channel realignment upstream or downstream.
However four to five 400 foot long submerged dikes constructed in the upper lock approach
similar to those at Lock and Dam 20, would aid downbound tows in their final approach to the
lock. Removal of an existing spur dike upstream of the lock and excavation along the bank would
provide additional manuevenng room near the lock.

139. The initial tests for this plan in the Lock and Dam 22 physical model showed severe outdraft
problems in the upstream lock approach as the current is deflected across the approach due to the
curvature of the bankline upstream of the lock. In order to alleviate the outdrafl, a series of five
emergent spur dikes were constructed in the physical model to redirect flow in the approach. The
spur dikes were also included in the numerical model. This plan is referred to as Location 2-MA
(modified approach). Vector alignment for Location 2-MA (Lock and Dam 22) shows ideal
conditions for the approach to the new lock with the emergent training structures in place.
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140. Severe outdraft conditions at Lock and Dam 24 in the upstream approach, make it one of
the most dangerous locks to approach in the lower reach of the Upper Mississippi River. While
an emergent spur dike in the upstream approach has improved conditions somewhat, it may
function better if it were shortened and an L-head were added at the upstream end. Construction
of 2 to 3 additional L-head dikes spaced about 1000 feet apart with the ends parallel to the
approach would further improve conditions (see dkcussion above). Minor excavation along the
right bank would ako aid tows in aligning with the lock by providing a wider approach.

Downstream approachconditionswere quitegood withlittleifany channelorbank excavation

anticipated.

141, Removal of the existing landside guide wall at Lock and Dam 25 and bank excavation for a
distance of 600 feet upstream of the lock, will provide a 200 foot opening between the bank and
the guard wall at navigation depth, aiding approaching downbound tows. Minor realignment of
the upstream navigation channel would also assist tows in their approach to the lock, as the
existing alignment has tows turning as they make their final approach.

142. Figures 46 through 51 show the flow conditions in the upper lock approach for a mid-range
discharge at the five lock and dam sites. Implementation of the measures suggested above along
with the ported guard wall, should greatly improve navigation conditions in the upstream
approach for all flow conditions.

143. Figures 52 through 56 show the flow conditions in the lower approach for a mid-range
discharge at the five study sites. The velocity vectors give no indication of navigation problems
for upbound or downbound tows. Alignment with the guide wall is aided by forces created by a
flow expansion downstream of the lock chamber.

144. As in the case of Location 1, hydrautic impacts during construction should be minor.
Because the existing lock is separated from the dam by the partially constructed auxiliary lock
chamber, it is unlikely that flow through the dam would be restricted. However, navigation would
be interrupted during the construction period. Most likely, lock useage would be prohibited
during the time of day construction operations are taking place.

145. Because of the vast improvement observed in flow conditions in the Lock and Dam 22
physical model as a result of the addhion of emergent wing dikes in the upstream approach, it is
recommended that these structures also be considered for Locations 3 and 4 as well. Atthough
the addhion of dikes at Lock and Darn 24 was not modeled, construction of emergent L-head
wing dikes would improve navigation conditions.
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Location 3

146. The basic plan design for Location 3 consists of the following (see Figure 20):

a. Construct a new lock with usable dimensions of 11OX1200feet at the location of the
partially constructed auxiliary lock.

b. Remove the existing ported guard wall (if present).
c. Construct a ported guard wall, 1200 feet in length, upstream of the new lock.
d. Construct a solid riverward guard wall, 1200 feet in length, downstream of the new lock

147. Model results showed an improved approach conditions at all five sites for a new lock
constructed at Location 3 as compared to extending the existing lock at Location 2. However,
some additional channel work in the approach is still recommended at a number of the sites.

148, Submerged dikes across the upstream approach channel and excavation of the bank and
channel as proposed for Location 2 at Lock and Dam 20, is recommended at Location 3 as well.
However, re-routing of the outlet of Buck Run Creek would not be necessary

149. The submerged dikes noted above, would also aid downbound tows for a Location 3 lock at
Lock and Dam 21.

150. Emergent L-head dikes as recommended for Lock and Dams 22 and 24 at Location 2,
would also improve upstream approach conditions for Location 3 at those sites.

151. Figures 57 through 61 show the flow condhions in the upper lock approach for a mid-range
discharge at the five study sites. Approach conditions for new lock construction at Location 3
was generally an improvement over conditions at Location 2 for both the existing 600 foot lock
and the extended lock. Flow through the submerged ports in the ported guardwall reduces the
outdratl across the approach and aids tows in aligning with the guard wall. The slight angle of the
vectors reflecting flow through the submerged ports however, will make use of the existing lock
dlfftcult for tows at all five sites. Flow through the ports will tend to deflect tbe lead barge of an
approaching tow away from the existing guide wall. The vector plots show the maximum flOW

velocity in the upper approach to the existing lock to be about 2 @s and decreasing to about 1 fps
just upstream of the lock. This indicates that the existing lock while possibly not suitable for use
by large tows, could be dedicated to locking small tows and recreational crafL

152. Figures 62 through 66 show the flow condhions in the lower approach at Location 3 for
mid-range discharges at the five study sites. At this location the guide wail for the new lock was
constructed on the riverside of the new lock to avoid restricting access to the existing lock. Note
that the guide wall encroaches into the channel for some distance downstream reducing the flow
area in this reach. Just downstream of the wall, a significant increase in channel area occurs
causing an expansion of flow. The vector plots show the impact of thk increase in channel area
indicating there is a slight vector force in the Iandward dkection just downstream of the wall.
This force does not appear to be of sufficient magnitude as to impact downbound tows, but may
require additional maneuvering by upbound tows.
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Location4

153, The basic plan design for Location 4 consists of the following (see Figure 21):

a. Construct a new lock in the gated portion of the dam adjacent to the partially
constructed auxiliary lock (loss of two gate bays).

b. Constructtwo gatebaysintheoverflowweir(replaceslostgatebays).

c.Remove existingportedguardwall(ifpresent).

d. Constmcta ported guard wall, 1200 feet in length, upstream of the new lock.
e. Construct a solid guide wall, 1200 feet in length, downstream of the new lock.
f. Construct a gate between the new lock and the existing lock for passage of ice

and debris.

154. The model design for this plan evolved over time. The plan as tested in the physical model
of Lock and Darn 25 allowed flow through a gate installed in the existing auxiliary lock bay
between the new lock and the existing lock. The resulting high flow velocities approaching the
gate made alignment of tows with either lock extreme[y difficult. Therefore, the gate would only
be operated during periods of high flow and for passage of ice and debris. The gate would be
closed when tows are approaching the lock. For this reaso~ the Lock and Dam 22 physical
model did not incorporate gates in the auxiliary lock bay. It is recommended that lost flow
capacity in the gated section of the dam be replaced by installing gates in the overtlow section of
the dam where applicable. The addition of gate bays in tbe overflow section of the dam, as
presented in the recommended plan design, were not included in the physical models due to the
cost of construction and the small impact to flow conditions in the lock approach.

155. Since Lock and Dam 20 does not have an overtlow section, lost gate capacity would likely
be compensated for by installing replacement gates in the auxiliary lock bay. These gates would
only be used during high flows and would be closed when tows were approaching the lock.

156. Figures 67 through 77 show the flow conditions in the upper lock approach for a mid-range
discharge at the five study sites. The vector plots show that as in the case of Location 3, flow
through the ported guard wall will hamper tows entering the existing lock. However, the
approach to the new 1200 foot lock is good at all of the sites. Therefore, requirements for bank
excavation and channel reahgmnent are reduced. At Lock 21, the submerged dikes recommended
for Locations 2 and 3, would also improve approach conditions at Location 4. The dikes would
be lengthened so they extend beyond the far edge of the navigation charnel. Emergent channel
training structures recommended for Locations 2 and 3 at Lock and Dam 22, while not required
for Location 4, would enhance upstream approach conditions.

157, Figures 72 through 76 show flow conditions in the lower lock approach for a mid-range
discharge at four of the study sites. The vector plots show that the approach to the lock from
downstream is good at all sites. However, eddy currents caused by the abrupt expansion of flow
downstream of the guide wall will require additional maneuvering by tows to align with the wall
and proceed into the lock chamber. This effect increases with higher flows as the eddy velocities
increase.
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158. Construction of a new lock at Location 4 will require removing at least three gates from
service during the construction period. This will create an increase in swellhead of 0.3 to 0.4 feet
under open river conditions. If the gates that are to be permanently removed are replaced in the
overflow section prior to initiation of constructio~ the increase in swellhead would be limited to
0.1 feet. Once construction is complete and the gate adjacent to the new lock can be operated,
there will no increase in the swellhead over what presently exists. Since the area of construction
is separated from the existing lock by the auxiliary lock chamber, there will be less interference
with navigation traffic during the construction period.

Location 5

159. The basic design plan for Location 5 consists of the following:

a.Construct a new lock in the overflow weir adjacent to the dam.
b. Construct a ported guard wall, 1200 feet in length, upstream of the new lock.
c. Construct a solid guide wall, 1200 feet in length downstream of the new lock.
d. Dredge approach chrmnels, upstream and downstream of tbe new lock.

160. This plan alternative was evaluated based on existing channel conditions. Figures 29
through 33 show the bathymet~ upstream and downstream of the five study sites. Channels must
be dredged upstream and downstream of the new lock to provide access. The access channels
should provide a depth of 20 feet at low control pool, have a minimum bottom width of 200 feet,
and side slopes of lV 10H or flatter. An examination of charmel depths in the vicinity of the
existing lock and the proposed new lock, give an indication of the massive amounts of dredge
removal required to provide adequate entrance and exit channels for lock usage.

161. The area of the proposed access channels are presently shallow in depth, indicating that flow
conditions are such that the mechanics of sedimentation have made this area shallow and will
continue to maintain a shallow area. Therefore, during high flows when large quantities of
sediment are moving, these channels will act as sediment traps and quickly fill. Wide high stages
associated with high flows may allow tow traflic to continue, emergency maintenance will be
required atler the passage of each flood hydrography. Also, intlow of sediments from side charnel
inlets upstream must be considered. The contribution of sediment to this side of the channel is
likely to have a major impact on the upstream approach. Maintenance dredging of the upper and
lower approach will be chronic for this plan.

162. While Lock and Dams 24 and 25 exhibited the characteristics mentioned above, bathymetry
and flow characteristics at Lock and Dams 21 and 22 do not immediately rule out Location 5 as a
plausible alternative. However, uncertainties concerning the reliability of the existing channel
during the 3 to 4 year period estimated for channel realignment, in all likelihood remove Location
5 as a viable alternative location for construction of a new lock.
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St!@
163. Extrapolation of physical and numerical model results generated at the lower 5 sites, and
examination of existing approach conditions and topographic information, provide a reasonable
indication of expected navigation conditions at the remaining 11 sites being considered for
additional lock capacity. Included are recommendations for channel realignment, bank
excavation, and additional training structures necessary to provide the safest, most efficient
approach to the lock. The results of the assessment are provided as an appendix to this report
and are organized in a site by site format.

CONCLUSIONS

164. This investigation has presented and summarized the hydraulic impacts related to new
lock construction at 16 existing lock and dam sites. Recommendations which stem from these
impacts are intended to provide optimaJ navigation conditions, reflecting both safety and
efficiency. However, while locations 3 and 4 provide the best navigation conditions,
economics and constructability will also influence the selection of locations and sites at which
additional lock capacity will be provided.
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APPENDIX

UPPER MISSISSIPPI RIVER & ILLINOIS WATERWAY HYDRAULIC IMPACTS SITE
ASSESSMENT

1. In order to appraise the hydraulic impacts to navigation at afl of the sites considered for
added lock capacity on the Upper Mississippi River and Illinois Waterway site, results of
physical and numerical modeling conducted at Lock and Dams 20 thru 25 on the Upper
Mksissippi River, were extrapcdatcd to assess navigation conditions at Lock and Dams 11 thru
19, and Peoria and La Grange Lock and Dams on the Illinois Waterway. Mapping, aerial
photography, and existing approach data, were rdso utilized, allowing a qualitative assessment
of each site to be performed. As necessary, modifications to channel and bank alignment, and
the addition of channel training structures, were recommended to improve approach

2. The following is a site by site description of navigation conditions and suggested
modifications which would optimize approach conditions at all sites considered for expanded
lock capacity. Included are maps showing the location and extent of suggested improvements
for each alternative location within a site.
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Figure9. Lock and Dam No. 24 DataCollectionTransects



Figure10. Lock and Dam No. 25 Data CollectionTransects
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Figure 15. Lock and Dam No. 25 - Cross-Section No. 1
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Figure 18. Location 1- Landward of Existing Lock

Figure 19. Location 2- Extension of Existing Lock
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L/D 20 Numerical Model
Base Condition Grid

Figure 24



IJD 21 Numerical Model

Base Condition: Approach Conditions
Channel Geomet~ Grid

Figure 25
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Lock and Dam 25 Base Condition Grid

Figure 28
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UD 25 Model
Base Condition
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L/D 20 Upstream
Base Condition

Velocity Vectors & Magnitudes (ftk)

Discharge 110,000 cfs
Pool Elevation: 476.9 II
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IJD 21 Upstream
Base Condition

Velocity Vectors & Magnitudes (ilk)
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UD 21 Downstream
Base Condition

Velocity Vectors & Magnitudes (fUs)
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UD 25 Downstream
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L/D 20 Upstream
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L/D 21 Upstream
Location 2

Velocity Vectors & Magnitudes (W)

Oischarge 134,000 cfs

Pwl Elevation: 470.5 fl
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Figure so



Figure 5 I



L/D 20 Downstream
Location 2

Velocity Vectors & Magnitudes (ilk)
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UD 21 Downstream
Location 2

Velocity Vectors & Magnitudes (ftk)

Oischarge: 134,000 cfs
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IJD 25 Downstream
Location 2

Velocity Vectors & Magnitudes (ft/s)

Figure 56
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UD 21 Upstream
Location 3

Velocity Vectors & Magnitudes (ftk)

Discharge: 134,000 cfs
Pml Elevation: 470.5 ft

Figure 58
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L/D 20 Downstream
Location 3

Velocity Vectors & Magnitudes (iWs)

Dkcharge: 110,000 CfS

Tail Elevation: 476.4 ft

Figure 62



IJD 21 Downstream
Location 3

Velocity Vectors & Magnitudes (ftk)

Discharge: 134,000 cfs
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UD 25 Downstream
Location 3

Velocity Vectors & Magnitudes (ft/s)
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L/D 20 Upstream
Location 4

Discharge 110,000 cfs
Pool Elevation: 476.9 f!

Figure 67



UD 21 Upstream
Location 4

Velocity Vectors & Magnitudes (ftk+)
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L/D 20 Downstream
Location 4

Velocity Vectors & Magnitudes (ftk)
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Discharge: 110,000 cfs
Tail Elevation: 476.4 ft
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IJD 21 Downstream
Location 4

Velocity Vectors & Magnitudes (ftk)

Oischarge134,000cfs
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UD 25 Downstream
Location 4

Velocity Vectors & Magnitudes (ft/s)
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APPENDIX

UPPER MISSISSIPPI RIVER & ILLINOIS WATERWAY HYDRAULIC IMPACTS SITE
ASSESSMENT

1. In order to appraise the hydraulic impacts to navigation at all of the sites considered for
added lock capacity on the Upper Mississippi River and Illinois Waterway site, results of
physical and numerical modeling conducted at Lock and Dams 20 thru 25 on the Upper
Mississippi River, were extrapolated to assess navigation conditions at Lock and Dams 11 thru
19, and Peoria and La Grange Lock and Dams on the Illinois Waterway. Mapping, aerial
photography, and existing approach data, were also utilized, allowing a qualitative assessment
of each site to be performed. As necessary, modifications to channel and bank alignment, and
the addition of channel training structures, were recommended to improve approach
conditions.

2. The following summary is a site by site description of navigation conditions and suggested
modifications which would optimize approach conditions at all sites considered for expanded
lock capacity. IncIuded are maps showing the location and extent of suggested improvements
for each alternative location within a site.



LOCK AND DAM NO. 11

Existinq Conditions:

Outdraft is a problem
screening site visit.

at this site as
Downbound tows

reported during the initial
usually wait about 200’ from,. . ..- -

the upstream end ot the doglegged section ot the upper gUlde wall.
Upbound tows are able to pass downbound tows at this location.
There is a marina downstream of the lock on the right descending
riverbank which is a safety concern to tows as there is not a good
waiting spot (mooring cell) and tows typically push into the
riverbank below the dam. The Lampsillus Higgins Eye is present
along the left descending riverbank below the storage yard and this
area is a popular fishery. A large scour hole below the dam gates,
approximately 60’ to 801 deep, extends across the entire gated
section of the dam and would have to be filled, at least in part,
with any new lock construction at Locations 3 or 4. Small-scale
measures should consider a mooring cell at R.M. 584 and another at
R.M. 592 (Specht’s Landing), where many tows wait. A properly
placed mooring cell downstream would lessen the dangerous situation
with recreation traffic in the area.

Location 2

Upstream Some channel work should improve the outdraft situation.
Reconstruct the existing wing dike at R.M. 583.5 above the lock
with an L-head. Add another wing dike about 1000’ above the L-head
dike, extending the dike from the riverbank about 1000’ or where
the end almost aligns with the existing lock landside guide wall.
Above the last dike add a series of rock vane dikes, with a top
elevation 2’ below flat pool, to parallel the navigation channel
shifted about 500’ east. Extend the vane dikes for 3 tow lengths
above the end of a new 1200’ ported guard wall. Remove the
existing guard wall, landside guide wall and guide wall doglegged
extension.

Downstream Construct a 1200’ riverside guard wall. Open .up the
left descending bank by shortening the existing wing dikes. M
eddy may form at the end of the guard wall which can be controlled
with short spur dikes extending from the right descending riverbank
and built to 2’ above lower pool elevation.

Location 3 (Preferred over Location 4)

Upstream Construct a new 1200’ ported guard wall. Remove the
existing guard wall. The existing guide wall and doglegged
extension can remain. Do the same upstream channel work as for
Location 2.

Downstream Construct a new 1200’ riverside guard wall. The
existing guide wall can remain. Open up the left descending bank
by shortening the existing wing dikes. May have eddy currents in
the lower lock approach which can be controlled with short spur



L/D 11 (Con’t)

dikes extending from the right descending riverbank constructed
similar as for Location 2.

Location 4 (Reallv imvedes the flow area downstream)

Upstream Construct a new 1200’ ported guard wall. May need 4001
more guard wall to control increase in outdraft with this location.
Remove the existing guard wall. Need the same channel work
upstream from the lock as with the other locations. But , the wing
dikes become longer and more channel needs to be shifted east to be
in straight alignment with the lock. The existing guide wall and
doglegged extension can remain.

Downstream Construct a 12001 riverside guard wall. More
excavation is needed along the left descending riverbank to open up
the flow area below the dam. Any additional dam gates at Location
5 to replace those lost to new lock construction will necessitate
this even more so. There is greater potential for eddy curents at
the end of the guard wall which can be controlled with the dike
field as described above for Locations 2 and 3.

Small-Scale ImDrOVeItWIiZS

Uvstream Add the two wing dikes, the vane dikes and shift the
navigation channel east about 500’ as described above for Location
2. Remove the existing doglegged rock dike above the guide wall
and extend the guide wall to 1200’ . Add a short wall angled at 45
degrees from the end of the extended guide wall or a 501 cell for a
more forgiving landing area. A better improvement is a 1200’ guard
wall along with the channel work upstream, especially if the long-
term plan is for a Location 2 lock extension. With a 1200’ guard
wall, the existing guard wall, guide wall and doglegged extension
would be removed. The new 1200’ guard wall and channel work should
give a savings in approach time similar to the Lock 22 model study.

Downstream Extend the guide wall to 1200’ . The spur dikes do not
have to be added along the right descending riverbank.
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LOCK AND DAM NO. 12

Existinq Conditions:

Outdraft is a problem
screening site visit.
going downstream. As

at this site as reported during the initial
In addition there is a poor exit condition

tows leave the lock, they have to “flank out”
to get away from the wall and avoid a wing dam just below Mill
Creek. Downstream there is some interference with recreation
traffic as there is a city dock just downstream of the lock. With
a downstream extension of the existing lock access to the dock
could be partially or completely shut off and tows would have a
difficult time making it back to the channel exiting 600’
downstream of their present exit. For Location 2, only an upstream
extension was thought possible. Lock personnel thought the
upstream outdraft problem could be solved with a 1000’ solid
extension of the landside guide wall. It was also thought that
because of the downstream approach/exit conditions tows may have
difficulty making it back to the channel with a downstream
extension of a Location 3 lock. A downstream extension at Location
3 would limit the use of the existing lock to smaller vessels. A
large scour hole below the dam gates, approximately 90’ deep,
extends across the entire gated section of the dam and would have
to be filled, at least in part, with any new lock construction at
Locations 3 or 4. The existing mooring cell upstream of the lock
at R.M. 557.4 i.s well placed for the existing lock usage.

Location 2 (Upstream Lock Extension)

upstream Construct a new 1200’ ported guard wall. Consider
removing the mooring cell at R.14. s57.4 and placing a new cell
upstream. May have to do some bank shaping upstream to provide
1501 opening at navigation depth at the start of the guard wall.
Also may have to shift channel landward to provide a straight
approach of 2 tow lengths above the guard wall.

Downstream Extend the landside guide wall. May require some
channel work extending 2 tow lengths downstream to improve
downstream exit condition. Open up the channel along the left
descending riverbank by removing 200’ to 400’ from the ends of the
wing dikes for a distance of about 5000’ below the dam.

Location 2 (Downstream Lock Extension)

Upstream Construct a new 1200’ ported guard wall. Remove the
existing guide wall and slope the riverbank to provide 150’ opening
at navigation depth at start of guard wall. Angle a wing wall from
the end of the landside lock wall to the newly sloped bankline.
Leave the bankline where it is upstream of the existing guide wall
and excavate the bank upstream of the new ported guard wall to
provide a straight approach of 2 tow lengths above the guard wall.
Consider removing the mooring cell at R.Il. 557.4 and placing a new
cell upstream.



L/D 12 (Con’t)

Downstream Construct a 1200’ landside guide wall. Channel work
extending 2 tow lengths downstream may be required to improve the
downstream exit condition. Open up the channel along the left
descending riverbank to parallel the right bank by removing 200’ to
400’ from the ends of the wing dikes for a distance of about 5000’
below the dam. Remove the wing dike below Mill Creek. May have to
excavate the riverbank at the end of the new guide wall for access
to the public docking facilities. The new guide wall will offer
some protection to the public docking facility but also cut-off its
view.

Location 3 (Upstream Extension)

UDstream Construct a new 1200’ ported guard wall. Add a rubbing
surface on a part of the new lock wall for tows to land on when
using the existing lock. Consider removing the mooring cell at
R.M. 557.4 and placing a new cell upstream. May have to do some
channel widening for access to the existing lock and to provide a
straight approach of 2 tow lengths above the guard wall.

Downstream A landside guide wall will present problems as tows————.__—
will be too close to the flow from the dam gates. Construct a
1200’ riverside wall. Remove the wing dike below Mill Creek and do
some channel widening for 2 tow lengths below the new riverside
wall to improve and make room for the downbound exit and upbound
approach. Open up the channel along the left descending riverbank
to parallel the right bank by removing about 200’ to 400’ from the
ends of the wing dikes for a distance of 5000’ below the dam.

Location 3 (Downstream Extension) PROBABLY THE BEST PLAN

Upstream Construct a 1200’ported guard wall. Leave the existing
guide wall in place and fill in the bankline above the guide wall
with rock fill, tapering back to the existing riverbank about 0.4
mile above the end of the guide wall. Consider removing the
mooring cell at R.M. 557.4 to open up the channel and placing a new
cell upstream.

Downstream Construct a new 1200’ landside guide wall. Try to keep
water velocity to a maximum of 5 to 6fps under navigation
conditions so downbound tows can move off the wall and are not
pinned by side currents. Remove the wing dike below Mill Creek.
Open up the channel along the left descending riverbank to parallel
the right bank by removing about 200’ to 400’ from the ends of the
wing dikes for a distance of 5000’ below the dam. This locaction
limits the use of the existing lock to smaller tows and recreation
traffic.

Location 4 (Downstream Extension)

Upstream Construct a 1200’ guard wall. Leave the existing guide
wall in place and fill in the bankline above the guide wall with
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rock fill, tapering back to the existing riverbank about 0.4 mile
above the end of the guide wall.

Downstream For navigation, a 12001 guard wall is preferred. Could
use a 1200’ landside guide wall and lessen the downstream channel
work along the right descending bank. Should keep the maximum flow
velocity to 5 to 6fps so downbound tows are not pinned to the wall
by side currents. Open the channel along the left descending
riverbank by removing about 200’ to 400’ from the ends of the wing
dikes for a distance of 5000’ below the dam. ?+ny additional dam
gates at Location 5 to replace those gates lost to new lock
construction will necessitate opening the flow area even more so,

Small-Scale Improvements

Upstream Add a 1200’ guard wall, remove the existing guide wall
and slope the riverbank to give a 150’ opening at navigation depth
at the end of the guard wall ~ extend the existing guide wall to
1200’ and fill in the bankline above the extended guide wall with
rock fill. The outdraft condition will still exist but should be
improved.

Downstream Extend the landside guide wall to 1200’ . Open up the
flow area along the left descending riverbank to parallel the right
bank by removing about 2001 to 400’ from the ends of the wing dikes
for a distance of 5000’ below the dam. (This may require a study
before implementing) Remove the wing dike below Mill Creek.
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LOCK AND DAM No. 13

Existinq Conditions :

Outdraft is not a problem at this site. The pool is very wide and
wind can be a problem for tows to navigate against especially when
pushing empty barges. The prevailing winds from the west can help
downbound tows approach the lock by pushing them against the upper
guide wall but the winds also accumulate ice around the upper lock
gates. The lock is very makeable and the mooring cell upstream of
the lock is in a good location. Lock personnel feel that
conditions could be improved by placing a guide cell 300’ above the
intermediate wall.

Location 2

Upstream Extend the guide wall to 1200’ . The existing dike above
the guide wall is the reason why there is no outdraft problem now
and the dike should be left in place beyond the end of the extended
guide wall. NO upstream channel work is needed.

Downstream Extend the guide wall to 1200’ . Should have little or
no channel work.

Location 3

UDstream Construct a new 1200’ ported guard wall. Leave the
existing guide wall and dike above it in place. May have to extend
the dike another 1000’ upstream to get added protection from
outdraft for a distance of 3 tow lengths above the lock. Outdraft
potential increases with a Location 3 lock.

Downstream Construct a 1200’ riverside guard wall. Additional
channel work or bank excavation is required to provide a 200’+/-
wide canal for a distance of about 1 1/2 tow lengths below the
riverside wall for smaller vessels and recreation traffic using the
existing lock.

Location 4 (As close as uossible to the auxiliarv bav)

UDstream Construct a new 1200’ ported guard wall. Leave the
existing guide wall and dike above it in place. Will have to
extend the dike another 1000’ or so upstream to get added
protection from outdraft for a distance of ?. tow lengths above ‘the
lock .

Downstream Construct a 1200’ riverside guard wall. May require a
little bank excavation or shaping at the end of the wall for
smaller vessels and recreation traffic to access the existing 600!
lock .

This location will restrict the flow area downstream of the dam.
Should open up the right descending bank by removing wing dikes and
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bankline below the dam. This is also needed to accommodate any
replacement dam gates located in the storage yard area to makeup
for dam gates lost t.o new lock construction.

Small-Scale Improvements

Uostream Extend the guide wall and leave remaining dike in place
above the extended wall. Approach time is not significantly
improved. t.fay want to consider short stub wall 50’ to 75’ long
angled at 5 to 10 degrees at the end of the intermediate wall in
lieu of a guide cell as exisiting conditions suggest. Don’t want
to do anything to diminish the existing transit time through the
lock under existing conditions.

Downstream Extend the landside guide wall.
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LOCK AND DAM NO. 14

Existinq Conditions :

Downbound tows leave the main channel with its stronger current and
angle into the slower moving water above the lock. Then they stop,
pull the stern eastward to line up with the lock, and continue
downstream. Upbound tows cross the main channel with its stronger
current as they approach the lock; Once they cross the main
channel a secondary current pushes them west toward the downstream
guide wall. This aligns the tow for the lockage. This same
current requires downbound tows to start turning east after they
exit the lock to avoid being pushed aground downstream of the lock.
There are no waiting areas near the lock for upbound or downbound
tows to wait. During the site visit it was mentioned that a
mooring cell downstream in the “wide spot” just upstream of the
Campbell’s Light and Day Mark should be a No. 1 priority.
Downbound tows would benefit with cells at R.M. 493.5 and 494.5.
The 80’ by 320’ auxiliary lock landward of the main lock is used
mainly on weekends for recreation traffic. This smaller lock
outlets the environmentally and historically sensitive Old Le
Claire Canal which is about 5.5 feet deep. The initial site
screening for new lock construction screened out Locations 3 (the
smaller lock), 5, and 6.

Location 1 This location is directly landward of the existing 600’
lock, between it and the smaller 320’ lock. After reviewing the
needed channel relocation work to accommodate this location
including 1.4 million cubic yards of excavation, most of which is
rock, this location was also screened out.

Location 2

Uwstream The criteria for having a straight distance of two tow
lengths above the end of the guide wall for the downbound approach
can be relaxed somewhat because of the lower flow velocities above
the lock. In general velocities in excess of 3 fps start Co create
problems for the approach. However, even fdr one to”w length there
is significant channel work required which impacts the properties
and recreation harbor above the lock. A 1200’ ported guard wall is
preferred if tows can get landside of the wall with the needed
channel work. The existing guard wall would be removed as well as
the guide wall and the bankline sloped back to give an opening of
150’ at navigation depth at the end of the new guard wall If the
channel work impacts the area too much, extension of the existing
guide wall to 1200’ would suffice but the approach would be the
same as it is now with little improvement.

Downstream A 1200’ landside guide wall. No channel improvement
should be needed to keep the smaller lock open to smaller vessels
including recreation traffic.



L/D 14 (Con’t)

Location 4

Recommend no dam gates between the new lock and the existing lock.
Can possibly handle one dam gate. If the final arrangement has the
lock moved farther out into the dam, may need protection cells
above the dam gates between the new lock and the existing lock.
This location offers a better opportunity to get tows on the
landside of a new ported guard wall.

Upstream Remove the existing guard wall. Construct a new 1200’
ported guard wall. Location 2 may be preferred if more than one
dam gate is needed between the new and the existing lock.

Downstream A 1200’ landside wall is preferred from a navigation
standpoint but this would require channel work and bank excavation
along the right descending riverbank for smaller tows to use the
existing lock. This work is in a known bald eagle roosting area.
A 1200’ riverside guard wall will lessen the channel and bankline
work needed.

Given the above considerations, it may be best to locate a new lock
out into the dam with protection cells above the dam gates between
the new and existing locks. Channel rock excavation is required
for a Location 4 lock and for replacement gates located in the non-
overflow section of the dam.

Small-Scale Improvements

Upstream A modified channel would improve the approach time. M
extended ported guard wall can not be constructed unless the
channel work is done. Extending the guide wall will benefit
lockage transit time but will not make the approach more efficient.

Downstream Extended landside guide wall.
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LOCK AND DAI..NO. 1.5

Existinq Conditions:

From the initial screening site visit it was found that outdraft
can be severe at this site and the reach of river from Lock 15 to
Lock 14 can be the most congested area on the Upper Mississippi
River. Presently, tows are pushed away from the downstream guide
wall by eddy currents and Sylvan Slough currents. Options for
proposed new lock construction are limited by the existing urban
development in the area and site geography. The initial screening
eliminated all locations except Locations 2 and 3. At both of
these two locations, only an upstream extension of the existing
lock, Location 2, or the 360’ auxiliary lock, Location 3 is
proposed. Downstream extensions at either location were not
considered because of the interference with the government bridge
traffic (the swingspan would remain open during the entire locking
process) and more importantly because of the limited/tight
downstream approach/exit from a downstrem extension and the flow
impact from Sylvan Slough.

Location 2 (Upstream Lock Extension)

UDstream Construct a 1200’ ported guard wall. Remove and shape
about 400’ of riverbank at the upper end of the guard wall to
provide a 150’ wide opening at navigation depth for entrance.
Starting at the end of the guard wall, place 4 submerged dikes
(groins) spaced at s00’ apart, extending from the bankline to a
little beyond the far edge of the navigation channel. They are
constructed of rock to a height of 15’ to 20’ below flat pool.
(20! is preferred) The dikes reduce the magnitude of the outdraft
making it easier to maneuver to the protected area behind the wall.

Downstream Extend the existing landside guide wall to 1200’
measured from the end of the intermediate wall. Construct a
600’+/- long rock dike at the end of Sylvan Slough to deflect the
slough current away from the navigable approach. Build to-a height
of 3’ to 4’ below the lower pool level where operation would cease.

Location 3 (Upstream Lock Extension)

UDstream Construct a 1200’ ported guard wall. Remove and shape
the bankline as described above for better access to the existing
lock . Construct 4 submerged dikes as described above starting at
the end of the new ported guard wall and extend to beyond the far
edge of the navigation channel.

Downstream Construct a 1200’ landside guide wall. This limits the
use of the existing lock to smaller tows and recreation traffic.
Extend the deflection dike at the end of Sylvan Slough farther out.
Consider a short stub wall angled downstream from the end of the
dam wall to deflect flow from the dam gates.

/



L/D 15 (Con’t)

Small-Scale Improvements

Upstream The greatest efficiency from a navigation standpoint
would be achieved with a ported 1200’ guard wall, excavation of
about 400’ of bankline to provide adequate opening at the end of
the guard wall, and the submerged dike system to improve
maneuverability above the guard wall. This would allow continued
access to the small harbor area landward of the lock but tow
haulage, as now exists, would be on alternating walls.

?+n alternative arrangement would be to excavate and reshape the
bankline, install the dike field and extend the existing landside
guide wall. This would keep all the tow haula~e on the landside
walls but may cutoff access to the harbor unless another canal is
excavated to it. Or, to maintain access to the harbor, the guide
wall could be extended short of 1200’ and a 50’ cell installed
upstream on which tows could pivot and align with the lock. This
would allow small craft access to the harbor but limit full use of
the tow haulage system.

Downstream Extend the guide wall to 1200’ . Construct a 600’+/-
rock dike at the end of Sylvan Slough to deflect the slough
current. Build to a height of 31 to 4’ below the lower pool level
where operation would cease.
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LOCK AND DAU NO. 16

Existinq Conditions:

Downbound traffic can take an hour or so longer to get to the lock
than it takes to lock through The traffic crosses the current and
heads to the upper lock gate. Then tows stop and backup toward the
wing dike above the lock at R.M. 457.7 to align better with the
lock and then enter the lock. The wing dike reduces the the
current and makes it easier to enter the lock. When leaving the
lock, some downbound tows start turning before they clear the lock
and have damaged the lower miter gate by brushing them. This may
be due inpart because tows must then cross toward the Iowa side of
the river to align with the channel span of the Muscatine highway
bridge about a mile downstream. During recent rehab work it was
noted that closing the first two tainter gates caused an eddy
current which pulled tows off the guide wall.

Channel realignment is a must especially upstream of the lock to
improve the locking efficiency at this site. This pertains to any
proposed new lock construction as well as small-scale improvements.

Location 2 (UDstream Lock Extension)

If an upstream lock extension is made to retain the existing
distance downstream for crossing to the Muscatine bridge channel
span, the following is recommended:

Uvstream The navigation channel should be relocated starting at
R.M. 460 and be aligned so the channel is straight for a minimum
distance of 2400’ at a 5 to 10 degree angle landward from the end
of a new 1200’ ported guard wall. This gives downbound tows an
approach from behind the guard wall and a more efficient course to
steer through the crossing current resulting from the left
descending bankline turning landward above the lock. The existing
guard wall can remain at the auxiliary bay. The existing landside
guide wall would be removed as part of the new lock construction
and the bankline flared back from the end of” the new’ lock wall.
Wing dikes along the left descending riverbank at R.M. 457.7 and
457.9 will have to be removed.

Downstream Extend the existing guide wall to 1200’ . This would
give added protection from eddy currents moving tows off the wall.
This may be what is happening now causing it to appear like the
tows are turning to soon before they clear the lock.

Location 2 (Downstream Lock Extension)

URstream The navigation channel would be relocated upstream as
before to provide an approach at a 5 to 10 degree angle from behind
a new 1200’ ported guard wall. Remove the existing guard wall.
Remove the existing guide wall and slope the riverbank to provide a
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150’ wide opening at navigation depth at the upper end of the new
guard wall. Remove the wing dikes above the lock as needed.

Downstream Construct a 1200’ landside guide wall. May have to add
a 50’ long wall angled at 45 degrees from the end of the riverside
lock wall or a 50’ cell since the turn will be a little more
difficult and this would give added protection to the lock wall and
the tow.

With a downstream extension at Location 2, there is still adequate
distance for tows to maneuver to/from the channel span at the
downstream Muscatine highway bridge. Therefore, only construction
on the downstream side of the dam should be considered for any new
proposed lock construction, since it is usually more economical to
construct in the lower pool.

Location 3

UDstream The navigation channel would be relocated starting at
about R.M. 460 similar to Location 2 so that tows approach at a 5
to 10 degree angle from behind a new 1200’ ported guard wall.
Remove the existing guard wall. Since this location is a iittle
farther from the riverbank, outdraft becomes more of a problem.
Starting at the end of the new ported guard wall, place five
submerged dikes (groins) , spaced 500’ apart, extending from the
riverbank to a little beyond the far edge of the new 300’
navigation channel. They are constructed of rock to a height of
151 to 20’ below flat pool. (20’ is preferred) These reduce the
magnitude of the outdraft above the guard wall making it easier to
maneuver to the protected area behind the wall.

Downstream Construct a 1200’ landside guide wall. This wall will
limit the existing lock to smaller tows and recreation traffic.
May have to protect against an eddy current along the left bank and
do some bank ‘excavation to open up the access to the existing lock.
The guide wall may have to have a rubbing surface on both sides.

Location 4 (Close to the auxiliarv bay, not out into dam)

Upstream The navigation channel would be relocated similar to
Location 3 so that the downbound approach is made at a 5 to 10
degree angle from behind a new 1200’ ported guard wall. Remove the
existing guard wall. Place the five submerged dikes above the lock
as for Location 3 and extend them beyond the far edge of the 300’
navigation channel.

Downstream Construct a 1200’ landside guide wall. May have to add
an additional 200’ +/- of wall to protect against potential eddy
currents along the left descending riverbank. The existing lock
will be limited to smaller tows/ vessels. Additional dam gates at
the storage yard area to replace dam gates lost to new lock
construction may require some dredging to open up the flow area
along the right descending riverbank below the storage yard.
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A Location 5 lock was initially screened out. But , a lock located
at the existing storage yard presents the best alignment for a
navigation channel upstream of the Muscatine bridge. After being
informed about the massive dredging needed to establish such a
channel and the maintenance dredging associated with maintaining
two separate channels, discussion stopped.

Small-Scale Improvements

Uustream Could extend the existing guide wall 600’ and the savings
in approach time would be the 600’ of flanking time. The most
efficient improvement would be the channel work described for
Location 2 along with a 1200’ ported guard wall. Should not do the
channel work alone without a new 1200’ ported guard wall. Remove
the existing guard wall. Remove the guide wall and slope the
bankline to provide a 150’ wide opening at navigation depth at the
start of the guard wall. Do not need the submerged dikes above the
lock

Downstream ZUI extended guide wall would reduce the eddy action on
a tow since the tow would be out of the lock chamber an additional
600’.
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LOCK AND DAM NO. 17

Existinq Conditions:

During the initial site screening visit, it was reported that
usually there is always an outdraft requiring downbound traffic to
flank their approach to the lock. A helper boat is generally used
when the tailwater reaches 7 or 8 feet. From a navigation
standpoint, it is best to locate a new lock as close as possible to
the left descending bank to lessen the outdraft.

Location 1

Upstream Flare the bank excavation upstream to the approach which
could be 300’ wide. Construct a 1200’ ported riverside guard wall.
Should have little if any upstream channel excavation other than
bank excavation. This location will require a setback of the
agricultural levee.

Downstream There will be “much excavation” and a setback of the
agricultural le~-ee. Use a 1200’ landside guide wall. Extend the
new bankline straight for a distance of 600’ downstream from the
end of the guide wall before curving back to the channel at a 15
degree maximum angle.

Location 2

Upstream Construct a 1200’ ported guard wall. Flare the upstream
bank excavation to the approach channel. (An upstream extension of
the lock would reduce the upstream and downstream bank excavation)

Downstream Use a 1200’ landside guide wall. Extend the new
bankline straight for a distance of 600’ downstream from the end of
the guide wall before curving back to the channel at a 15 degree
maximum angle.

Location 3

Upstream There should be little if
1200’ ported riverside guard wall.
in place. Add spur dikes above the
outdraft. Space the dikes at 1000’,

any channel work. Construct a
Leave the existing guide wall
guide wall to reduce the
extending them from the

existing riv;rbank to the edge of the “bankli~e” extended upstream
from the existing guide wall. Use an L-head at the last dike just
above the lock. May need to shorten the wing dikes along the right
bank to maintain an adequate flow area.

Downstream Use a 1200’ guide wall. Remove the existing guide wall
for the existing 600’ lock and excavate the bank to open up the
area for lockage through the existing lock by smaller vessels which
have to go landward of the new 1200’ guide wall for the 1200’ lock.
May need a rubbing surface on both sides of the new 12001 guide
wall. May want to consider an upstream extension to reduce the
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channel excavation. (It appears that a lock constructed in the
upper POO1 may be the better solution for any location at this lock
site) .

Location 4

Uw.tream Use a 1200’ ported guard wall.
Install the spur dikes above the lock as
Reduce the length of the right bank wing

Have no bank excavation.
described for Location 3.
dams.

Downstream Construct a 1200’ landside guide wall. Open up the
river access to the existing 600’ lock but leave the existing guide
wall in place. May need some bank excavation if 1200’ tows are to
use the 600’ lock also. (Need to decide if 1200’ tows are to use
the 600’ lock or limit the 600’ lock to 600’ tows and/or smaller
vessels) Make up the flow loss by adding dam gates at Location 3
or in the right bank channel area, Location 5.

Small-Scale Improvements

Upstream From a navigation standpoint it is best to add a 1200’
ported guard wall and flare the left bank, removing the existing
guide wall. Add a dike field upstream of the lock as discussed
above to reduce the outdraft. Use 5 or 6 dikes spaced 1000’ apart
starting about a mile above the lock. (The dike field should be
modeled to verify its benefit) Adding the dike field will impact
the existing left bank tow waiting areas. One or two mooring cells
may have to be added to replace the lost waiting areas. Also, the
wing dams along the right bank may need to be shortened to maintain
the flow area. Extending the existing guide wall to 1200’ (a rock
dike is there now) is a less desirable option to a ported .guard
wall but an extension could have merit along with the dike field.

Downstream Extend the guide wall to 1200’ with some bank
excavation downstream of the extended wall to avoid pinching
exiting tows. Extend the new bankline straight for a distance of
600’ downstream from the end of the guide wall before curving back
to the channel at a 15 degree maximum angle.

Naviqable Pass Throuqh the Dam Dam 17 has a low flow capacity
relative to other dams on the Upper Mississippi River.
Consequently, Lock 17 is usually one of the first locks to go out
of operation during higher than normal flows when the lock gates
become inoperable because of high water. A navigable pass
situation allows tows to pass through a section of the dam after
gates in the dam are lowered when the head differential between the
upper and lower pools approaches zero. By-passing the locking
process in this way saves transit time and is beneficial to
navigation. A navigable pass condition would exist an estimated 30
percent. of the time at this site. A minimum pass width of 350’ is
needed in the dam and can be attained by incorporating wicket gates
in the dam structure. The wicket gate sill should be at least 15’
below flat pool and the end walls curved to train flow smoothly
through the pass opening. The channel approach to the pass area
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requires the remcval of the right bank wing dikes and the filling
in of the openings along the right bank to create a solid bankline
to eliminate potential cross currents during high water which
hinder steering in the pass area.
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LOCK AND DAM NO. 18

Existinq Conditions :

An initial site visit to Lock and Dam 18 revealed that
approach conditions to the existing lock are good. Tows
make a zigzag approach/exit upstream of the lock, but the
maneuvering required could be considered relatively
insignificant compared to other sites. Outdraft is not a
problem at this site, although wind effects tows in their
upstream approach to the lock.

Location 2

Uustream A 1200 foot ported riverside guard wall will be
constructed. The existing 600 foot guard wall will be
removed. Channel realignment may be needed upstream for a
distance of as much as 2 miles. However, the magnitude of
the channel work required should not be significant.

Downstream Very little if any charnel improvements should
be required. The existing 600 foot landward guide wall
would be extended to 1200 feet.

Location 3

Upstream The existing 600 foot ported guard wall will be
removed and replaced with a 1200 foot ported riverside guard
wall. Channel realignment similar to Location 2 would be
required.

Downstream As with a Location 2 Lock, very little if any
channel improvements should be required. A 1200 foot
landward guide wall would be constructed. Use of the
existing lock would be restricted to small vessels and
recreational craft.

Location 4

Upstream Construction of a 1200 foot ported riverward guard
wall will be required. The existing guard wall will be
removed. Minimal channel work would be required at this
location.

Downstream No channel improvements should be required. A
1200 foot landward guide wall would be constructed.

Small-Scale Improvements

Upstream The most effective small scale improvement would
be to extend the existing 600 foot landward guide wall to
1200 feet with some minimal channel realignment.
Placement of a mooring cells between river miles 411 and 412
would be beneficial to downbound tows. A guide cell 50 to



75 feet upstream of the bullnose of the intermediate wall
would also aid tows in their approach to the lock.

Downstream Very little if any improvements should be
required. Extension of the existing guide wall from 600
feet to 1200 feet would provide some additional benefit to
tows approaching the lock from downstream. Mooring cells
between river miles 410.2 and 409 would aid upbound tows
waiting to approach the lock.



,1-

1
I
I
[I
I

i ,



I
I

,

I

I,,

.i

,1
)

I

I
I

I

\



10CK AND DAM NO. 19

Existinq Conditions:

There is an existing 1200’ lock at this site. lmy additional new
lock construction such as a supplemental 600’ lock would be at
Location 3 where the old abandoned dry dock and lock are located.
A previous model study was completed by WES addressing potential
small-scale improvements for the approach area above the 1200’
lock .

Location 3 (600’ or 1200’ lock)

Upstream Locate a new lock as close as possible to the existing
1200’ lock with the upstream miter gates aligned even with the
upstream miter gates of the existing 1200’ lock. Construct a
ported guard wall at least 1200’ long riverward of the new lock.
Check the recommended wall length in the above mentioned model
study report. The ported guard wall should be designed to pass
ice. That portion of the existing upstream ice deflection wall
which projects landward above the new guard wall will have to be
removed. Wiil need to study the flow requirements through the new
ported guard wall for power generation. Flow distribution is
critical.

Downstream Need a riverside wall extending 600’ downstream of the
highway bridge. May need a total wall length of 1200’ for a 1200’
tow locking through a new 600’ lock. Rock excavation will be
required to widen the channel below the lock.

Small-Scale Improvements

Upstream Review the completed model study which addressed small-
scale improvements for the approach area above the existing 1200’
lock . Addressed improvements included; a ported riverside guard
wall, adding a landside guide wall, a submerged dike system
upstream to direct flow to the dam, and removal of part of-the
upstream ice deflector wall. Also, NCR is currently preparing a
report addressing the addition of an ice chute to improve locking
efficiency.

Downstream Channel widening (rock excavation) to provide a passing
zone closer to the lock would reduce the upbound approach time.
Some extension of the riverside guide wall/guard wall may help to
protect tows if downstream currents are a problem.





LOCK AND DAM NO. 20

Exist inq Conditions

Discussions with the dockmaster and tow pilots during an
initial site visit revealed the downbound approach to the lock
requires flanking during the approach. Tows have a tendency
to be drawn into the riverbank. During high flows when the
dam gates are out of the water, a helper boat is needed to
assist tows making their final approach to the lock from
upstream. This can occur frequently since the dam is one of
the first to go out operation during high water. The upbound
apprOach to the lock can take as long as 45 minutes after a
downbound lockage due to the distance downstream tows must
wait before making the approach.

Location 1

Additional excavation beyond that already identified along
with required relocations in the town of Canton could
eliminate this location from further consideration.

Location 2

Upstream A 1200 foot ported riverside guard wall would be
constructed requiring removal of the existing ported wall.
Major channel modifications will be required upstream. The
sharp bend radius of the channel would probably require an
approach distance, equal to 3 tow lengths so that tows will
have completed maneuvering once the final approach to the lock
is initiated. Straightening of the bankli.ne and submerged
dikes upstream of the lock would aid approaching tows
significantly. The dikes should extend from the bankline to
the channel and be spaced at intervals of about 500 feet with
at least 15 feet of submergence at flat pool. A 1200 foot
ported riverside guard wall would be constructed requiring
removal of the existing ported wall. Bank excavation opposite
the wall would be required to provide a 200 foot entrance.
width.

Downstream The landside guide wall would be extended by 600
feet. The extension would require the wall to be backfilled
so that it could be tied into the bankline. The outlet of
Buck Run Creek is immediately downstream of the end existing
guide wall. Guide wall extension would require the creek
and its outlet to be re-routed downstream at least 600 feet.
Also, the tip of a shoal under the water should be removed
to improve the approach to the lock.

Location 3

Upstream A 1200 foot ported riverside guard wall would be
constructed requiring removal of the existing ported wall.



Major channel excavation and bankline work similar to Location
2 would still be required.

Downstream A solid 1200 foot landside guide wall
constructed between the existing lock and the new lock would
provide a rubbing surface for both locks. Although bankline
excavation/realignment would be required to provide small
vessels access to the existing lock, the amount of
excavation required would be far less than the channel
excavation required if a riverside guide wall were to be
constructed. The landside guide wall for the existing 600
foot lock could be left in place without any extension.
As a result, Buck Run Creek would probably not need to be
re-routed. However, the tip of the shoal should be removed
to improve the approach to the existing lock.

Location 4

Uustream A 1200 foot ported riverside guard wall would be
constructed requiring removal of the existing ported wall.
Although charnel work upstream would still be required, it
would not be as extensive as that required for Locations 2 and
3. The new lock should be located as close to the existing
lock as possible with lost gates being replaced in the
existing partially constructed auxillary lock bay.

Downstream A solid 1200 foot landside guide wall would be
constructed. Charnel excavation and removal of the tip of the
shoal would be required to enhance access to the existing
lock . However, no channel work for the 1200 foot lock should
be required.

Small Scale Im?movement

UDstream Small scale improvements upstream are limited as
upstream channel work which provides significant improvement
in approach conditions, is also beyond the scope of what could
be considered small scale improvements. However, straightening
of the bankline upstream of the lock as discussed above would
be of some benefit.

Downstream Re-routing of Buck Run Creek and extending the
existing landside guide wall with some realignment of the
channel would be the most beneficial improvement. The wall
could be tied into the bankline by either backfilling or
construction of a rock dike between wall and the bankline. A
mooring cell properly located downstream of the lock would aid
upbound tows waiting to approach the lock and would divert
tows away from the present fleeting area along the west bank
which is a known mussel sanctuary.

Naviqable Pass Throuqh the Dam Lock 20 is usually one of the
first locks to go out of operation during higher than normal
flows when the lock gates become inoperable because of high



water. A navigable pass situation allows tows to pass through
a section of the dam after gates in the dam are lowered as the
head differential between the upper and lower pools approaches
zero. By-passing the locking process in this way saves
transit time and is beneficial to navigation. A navigable
pass condition would exist an estimated 30 percent of the time
at this site. A minimum pass width of 480’ is needed in the
dam and can be attained by incorporating wicket gates in the
dam structure. The water depth over the sill would be at
least 16.5’ and the end walls curved to maintain an even flow
through the opening. The approach channel above and below the
opening would be 300’ wide.
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LOCK AND DAM NO. 21

Existinq Conditions

Downbound tows use a flanking approach to the lock and fight
an outdraft off the end of the intermediate lock wall. High
tailgaters approaching flood stage require use of a helper
boat to assist tows approaching the lock.

Location 2

URstream The existing 600 foot ported guard wall would be
removed. A 1200 foot ported riverside guard wall would be
constructed. In order to reduce the flow concentration in the
vicinity of the guard wall, five to six 400 foot long
submerged dikes spaced about 500 feet apart would be
constructed. The dikes would be submerged a minimum of 15
feet below flat pool allowing tows clear passage and would
extend from the bankline to the far edge of the navigation
channel. Removal of an existing spur dike upstream of the
lock and extensive excavation along the bank will be required
to provide good approach conditions to the lock.

Downstream Extension of the existing 600 foot landward guide
wall to 1200 feet would give tows protection from breaking
currents for their entire length. Minimal channel work would
be required.

Location 3

Uustream The existing 600 foot ported riverside guard wall
would be removed and replaced with a 1200 foot ported guard
wall. Submerged dikes similar to those described above would
also be required for this location.

Downstream A 1200 foot riverward guide wall would be
constructed. Minimal channel work would be required. Eddy
currents and sediment deposition could be a problem
immediately downstream of the wall.

Location 4

Uustream The existing 600 foot ported guard wall would be
removed. A 1200 foot ported riverward guard wall would be
constructed. Bank realignment would be less extensive at this.
location. However, longer submerged spur dikes would be
required extending from the shoreline to beyond the end of the
channel.

Downstream A 1200 foot riverward guide wall would be
constructed. Minimal channel work would be required. Eddy
currents and sediment deposition could be a problem
immediately downstream of the wall as noted for Location 3.
An alternative would be to construct landward guide wall.
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However, there may be a tendency for tows to be pushed out
into high velocity currents.

Location 5

Although bathymetry data suggest that a lock constructed at
Location 5 would not be out of the question and may have some
advantages over the other locations investigated, maintaining
access to the existing lock during the 3 to 4 year period
required to develop a channel to the new lock could be
extremely difficult. The probability of severe impacts on
existing traffic render this alternative infeasible.

Small Scale Improvements

Upstream Extension of the existing 600 foot ported guard wall
could provide a major improvement in approach time for
downbound tows. However, construction would be contingent
upon knowing if and at which location large scale improvements
would be instituted at a later date. Upstream bank alignment,
submerged dikes, and a guide cell located off the intermediate
wall would also provide improved approach conditions.

Downstream Extension of the existing 600 foot downstream
guidewall to 1200 feet would improve approach times for
upbound tows.
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LOCK AND DAM NO. 22

Existinq Conditions

As downbound vessels reduce speed to make the approach to the
lock , they must fight a strong outdraft. Helper boats are
required to assist at tailwater stages above 8 feet. The
channel upstream of the lock is narrow. A mooring cell
located 35OO feet upstream of the lock is rarely used because
it is hard to access. Therefore, downbound traffic waits
approximately 3 miles upstream to allow upbound traffic to
pass.

Location 2

Upstream Construct a 1200 foot ported riverside guard wall.
Excavate the bankline to provide a 200 foot wide approach to
the lock. A system of 5 emergent spur dikes spaced
approximately 1000 feet apart constructed to an elevation of 2
feet above flat pool would significantly improve approach
conditions at any of the locations considered for added lock
capacity. The dikes would extend from the bank to the near
edge of the navigation channel with their length being
dependent on lock location.

Downstream The existing 600 foot landside guide wall would be
extended by 600 feet.

Location 3

Uustream Construct a 1200 foot ported riverside guard wall
with the dike system described for Location 2. Bankline
excavation would not be required at this location.

Downstream A 1200 foot riverside guide wall would allow full
access to the existing lock. A landside wall would provide a
better approach to the 1200 foot lock as well as a rubbing
surface for both locks. However, the wall thickness would.
need to be increased and access to the existing lock would be
limited by the narrow entrance.

Location 4

UPstream Construct a 1200 foot ported riverside guard wall
with the dike system described for Location 2, Although the .
dikes would not be necessary for low flow conditions, they
would still be very beneficial when flows exceed 160;000 cfs.
Bankline excavation would not be required at this location.

Downstream A 1200 foot riverside guide wall performed
satisfactorily in the physical model study of Lock 22. However
a landside wall may perform as well if not better. The
landside guide wall for the existing lock should be extended
from 600 to 1200 feet.
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Small Scale Improvements

uustream Construction of a dike system upstream as described
above and channel excavation to provide a wider entrance to
the lock, would provide the greatest improvement in approach
conditions. The dike system will also make the existing
mooring cell upstream more accessible. A 1200 riverside
ported guard wall would provide additional improvements.
However, unlike the dike system, its placement would be
location dependent. Future construction of a 1200 foot lock
at Location 3 or 4 would require its removal.

Downstream Since existing downstream approach conditions are
quite good, few if any improvements downstream would shorten

approach times significantly. Extending the existing guide
wall to 1200’ would not improve the approach time but together
with improved tow haulage would improve the lock transit time
for some lockages since the reconnect of extracted cuts would
be made outside the lock chamber.
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LOCK AND DAM NO. 24

Existinq Conditions

Severe outdraft conditions in the
lock give Lock and Dam No. 24 the

upstream approach to
distinction of being

the
one of

.
the most dangerous locks to approach in the lower reach 01 tne
Upper Mississippi River. While construction of a spur dike in
the upstream approach has improved the situation, a helper
boat is still needed much of the time to aid tows in their
apprOach to the lock.

Location 2

upstream Remove existing ported guard wall and construct 1200
foot ported riverward guard wall. Excavation with removal of
the existing guide wall along the right bank would be required
to widen the approach. This may in turn require relocation of
the railroad line which is loacted very near the shoreline.
The possibility exists that a boat harbor upstream may be
impacted as well by increased sedimentation.

The existing upstream spur dike may function better if it were
shortened and an L-head were added at the riverward end.
Construction of 2 to 3 additional dikes spaced at a maximum
distance of 1000 feet with the ends parallel to the approach
would improve the approach at all locations.

Downstream Extending the existing landside guide wall to 1200
feet would be the only improvement required downstream.

Location 3

UDstream Remove the existing 600 foot ported riverward guard
wall and replace with a 1200 foot ported riverward guard wall.
Construction of the dike system described above would be
required. However, excavation to widen the approach should
not be necessary.

Downstream Construct a 1200 foot riverside guide wall.

Location 4

Upstream Remove the existing ported guard wall and construct
a 1200 foot ported riverside guard wall. Construction of spur
dikes may not be necessary at this location.

Downstream Construct a 1200 foot landside guide wall.

Small Scale Improvements

URstream Construction of the dike field upstream of the lock
as described above would improve approach conditions
significantly. h upstream 1200 foot ported riverside guard



24

wall with excavation along the right bank would also be of
benefit but would be dependent upon the location future large
scale improvements.

Downstream There are no small scale improvements which would
provide significant benefits at this site.
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LOCK AND DAN NO. 25

Existinq Conditions

Severe outdraft conditions hamper downbound tows approaching
the lock. While construction of a spur dike in the upstream
apprOach has improved the situation, a helper boat is still
needed much of the time to aid tows in their approach to the
lock. The ported guard wall creates some interference with the
helper boat. Additionally, the trash removal opening in the
ported guard wall has proven to be ineffective as trees become
pinned across the opening which in turn encourages the
collection of smaller debris. As debris continues to.
accumulate over time, the debris gap becomes plugged. This
results in more flow being forced through the series of timber
piles upstream. Because the timber piles are on 5 foot
centers, debris accumulates quickly. As plugging of the
openings increase, the outdraft near the nose cell, due to
flow crossing over to the dam, becomes more severe,
aggravating scour of the bed riverward of the upstream cells
as well as hampering navigation.

Location 1

UPstream A 1200 foot ported riverward guard”wall would be
constructed and would extend from the riverside wall of the
new lock. Extensive excavation would be required along the
right descending bank both upstream and downstream of the
lock . Extensive channel work would also be required to allow
tows to align with the lock a minimum of two tow lengths
upstream of the guard wall. Locating the lock downstream of
the dam would reduce excavation. However, foundation and
structural concerns limit its practicality.

Under this alternative, the approach to the existing lock
would be extremely difficult as outdraft would increase due to
the addition of the 1200 foot ported guard wall located
upstream and landward of the existing lock. Therefore, use of
the existing lock would probably be limited to small tows and
recreational craft.

Downstream Excavation along the right bank with construction
of a 1200 foot landward guide wall would be required.

Location 2

UDstream The existing ported guard wall would be removed and
replaced with a 1200 foot ported riverside guard wall. The
existing landward guide wall would be removed allowing the
bankline to be excavated 600 feet upstream to provide a 200
foot opening between the bank and guard wall at navigation
depth. Although channel realignment upstream would not be a
requirement for safe approach to the lock, realignment would



significantly improve the approach as the existing alignment
has tows turning as they make their approach.

Downstream The existing 600 foot landward guide wall would be
extended by 600 feet. NO excavation is required. However,
limited excavation would improve the entrance. Without any
excavation, tows leaving the lock will be required to stay on
the wall longer.

Location 3

Uustream This location best fits the normal design criteria
that is proven in the field. The existing 600 foot ported
guard wall would be removed and replaced with a 1200 foot
ported riverside guard wall. Neither bank excavation or
channel realignment should be required although limited
channel realignment would aid tows in getting in the
protection of the guard wall sooner as at Location 2.

Downstream A 1200 foot solid landside guide wall would be the
preferred configuration for entrance to the new lock.
However, entrance to the existing lock would be severely
restricted. Removal of the exsiting landside guide wall with
bank excavation would provide sufficient opening to the
existing lock. The intermediate wall would provide a rubbing
surface for both locks.

Location 4

Upstream The existing 600 foot guard wall would be removed
and replaced with a 1200 foot ported riverside guard wall.
The present upstream channel alignment is adequate for this
location. Therefore, no bankline or channel excavation would
be required. Lost tainter gate capacity would be compensated
for by placing a tainter gate in the partially constructed
auxillary lock chamber between the new lock and the existing
lock . This gate would be operated according to flow
conditions.

Downstream A 1200 foot landside guide wall would be
constructed. No additional excavation is required.

Small Scale Improvements

Channel realignment both upstream and downstream would improve.
overall transit time with upstream improvements providing the
greatest benefit. Extension of guard walls and guide walls
would not improve approach times significantly.
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PEORIA LOCK AND DAM

Existinq Conditions:

The dam consist of an 80’ wide tainter gate and 108 wicket gates 4’
wide. Open pass exist about 40 percent of the time. The 1-474
bridge about 1000 feet upstream impacts all the locations for
potential new lock construction. New construction must provide 60’
of clearance from flat pool to low steel of the bridge. Presently
there is about 64’ of clearance at the channel span. The end
anchor spans slope down and the br’idge profile will have to be
checked for adequate clearance for a Location 1 lock. The criteria
of providing a straight downbound approach of two tow lengths
(2400’) above the upper guide/guard wall may be relaxed bec~~e Of
the lower flow velocities common when the lock is in use.
lower velocities allow easier manuevering by tows above the lock.

Location 1

Uvstream Extend a 1200’ported guard wall 400’ upstream of the I-
474 bridge pier. This locates the upper miter gates for a 1200’
lock about 800’ downstream from the bridge. With this arrangement
there is a slight turn in the downbound approach (O tow lengths
above the end of the guard wall) but with some minor bank
excavation a 200’ wide opening is possible at the guard wall upper
entrance. Some added protection/reinforcement may be required for
the I-474 bridge piers landward of the excavated canal to the upper
lock gates. The canal should be a minimum of 150’-175’ wide at
navigation depth down to the lock. The guard wall can be solid at
the bridge pier but should be ported upstream and downstream of the
pier. The commercial dock upstream will have to be relocated.

Downstream A 1200’ landside guide wall and channel excavation are
required. The commercial dock downstream will have to be
relocated.

Location 2 (Upstream extension) Best H&H location

Uustream Incorporate the I-474 bridge piers into a short landside
wall. Extend a 1200’ ported guard wall from the end of the short
landside wall at the bridge piers. Gives good open pass
conditions. It may be possible to reduce the ported wall length to
less than 1200’ because of low flow velocities.

Downstream Extend the guide wall to 1200’ . If outdraft from the
flow through the tainter gate is a problem for the upbound
approach, a wingwall (short wall) could be added to the riverside
wall to deflect the flow from the tainter gate.

Location 4 (At the tainter qate location)

Upstream This involves construction of a new lock at the 80’ wide
submergible tainter gate location and moving the tainter gate to



PEORIA LOCK AND DAM (Con’t)

the existing 600’ lock bay. There should be little if any channel
excavation needed. Align the uppper end of a new lock with the
uPPer end of the existing lock or shift the upper end of the new
lock upstream a couple hundred feet at most. The upstream channel
will be narrowed to about 200’ wide and the channel span at the I-
474 bridge will be narrowed to about 250’ wide. Protection cells
may be needed for the I-474 channel span west bridge piers.
Extending the lock downstream maintains a more suitable channel for
the open pass situation . Use a 1200’ landside ported guard wall.

Downstream Construct a 1200’ landside guide wall.

Small-Scale Improvements

Upstream Extend the guide wall to 1200’ encasing the I-474 bridge
piers into the wall. Add a dike system or reconfigure the bankline
just upstream of the wall to keep flow from getting landward of the
wall and sweeping across the approach.

Downstream Extend the guide wall to 1200’ . If needed, construct a
short wall (100’ long at a 15 degree angle) at the end of the
riverside wall to divert the tainter gate flow away from the
upbound approach.
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LA GRANGE LOCK AND DAM

Existinq Conditions:

The dam consist of an 80’ wide tainter gate and 104 wicket gates 4’
wide. Open pass exist about 50 percent of the time. The tainter
gate has helped to lessen the magnitude of the outdraft. Lower
flow velocities (l-2 fps) allow easier maneuvering for tows On
their downbound approach as they tuck into the pocket of water
above the lock. The criteria of providing a straight approach for
twO tow lengths (2400’) above the guide/guard wall maY be relaxed
because of the lower flow velocities. The lock is located on the
outside of a bend in the river and the natural flow “pins” tows to
the right descending bank.

Location 1

Upstream Requires a great amount of channel excavation but the
approach can probably be designed, using a relaxed two tow length
criteria, to be within the estimated assumed needed rights-of-way
for this location. The required channel excavation would be less
if a new 1200! lock were shifted downstream with respect to the
existing 600’ lock so that the upper miter gates align closer to
the lower gates of the existing lock. Excavate a 200’ wide canal
to the lock. Examine the lock filling to avoid problems with tows
and smaller recreation craft. ti upstream guard wall may not have
to be ported or may only have to be ported for 500’ or so depending
on how far the lock is shifted downstream. About 5 river training
dikes each 200’ long with a top elevation 2’ above flat pool would
be needed along the left descending bank above the dam.

Downstream Channel widening is needed with a 1200’ guide wall.

Location 2

uDstream With a 1200’ guard wall and relaxed two tow length
criteria there is still an appreciable amount of channel widening
needed but not to the extent as for Location 1. Will need the 5
wing dikes as described for Location 1. There is some concern that
the required channel excavationiwidening for both Locations 1 and 2
will result in a reach of river too wide with some yet to be
determined adverse impacts.

Downstream Extend the landside guide wall to 1200’ .

Location 4 (At the tainter qate location)

Uostream This involves construction of a new lock at the 80’ wide
submergible tainter gate location and moving the tainter gate to
the existing 600’ lock bay. There would be little if any channel
excavation. Construct the lock in the tailwater with an upstream
landside ported guard wall. Could have flow on both sides of the



LA GRAWGE LOCK AND DAM (Con’t)

lock which could draw the tow away from the ported
need to study this.

Downstream Construct a 1200’ solid landside wall.
downstream channel dredging near the end of the guide ~all along
the left bank, 200’ wide by 2000’ long for the open pass situation.

wall. Would

Mav need some

Small-Scale Improvements

Upstream Extend the guide wall 600’ uDstream
bankline from the end of the
natural bank. With a ported
channel excavation and the 5
discussed above.

Downstream Extend the guide

extended ~all to
guard wall, need
wing dikes along

wall 600’ .

and fill-in the
blend into the
upstream bank and
the left riverbank as
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